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PREFACE.

The translation of tlie present -work lias been undertaken

with a view to furnish laboratory students with a manual,

which should contain the principal methods of Qualitative

Chemical Analysis. It is well known and extensively used

in Germany, and the name of its author cannot fail to

be a guarantee of its excellence. The translator has

taken the liberty to supply a few omissions; such, for

example, as the tests for aluminium, zinc, etc., by means

of cobaltic nitrate, before the blowpipe.

Objections may be raised to the indiscriminate use of

symbols to express indefinite quantities of reagents; it is,

however, believed that this will familiarise the student

with their formulce; and if he bear in mind that a

formula really expresses, not an undetermined amount,

but a molecule of the substance, confusion will bo

avoided.

A full index has also been added, which will supply a

want greatly felt by those who are in the habit of using

the German edition.

W. R.

Glasgow, April, 1872.
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ATOMIC WEIGHTS.

1. MONOVALENT ELEMENTS.

H = 1 K = 391

CI - 35-5 Na = 23

Br = 80 Li = 7

I = 128 Ag = 108

n = 19

IL DIVALENT ELEMENTS.

0 = 16 Ba = 137

S 32 Sr = 87-5

Hg = 200 Ca — 40

Cu =: 63-4 Mg = 24

Cd = 112 Zn = 65

III. TRIVALENT ELEMENTS.

N = 14 Al = 27-5

p _ 31 Cr = 52-5

AS =75 Ur = 118-8

SD = 122 Fe = 56

Bi = 208 Co = 60

AU = 196 Ni = 58

B - 11 Mn = 55

IV. TETRAVALENT ELEMENTS.

(J
_ 12 Sn = 118

Si = 28 = 197-4

11 = 50 Pb = 207

V. HEXAVALENT ELEMENTS.

Mo = 92

Y = 137

Wo = 184





CHEMICAL ANALYSIS.

EXAMPLES FOR PEACTICE IN ANALYSIS.

I. SODIC CHLORIDE, NaCl.

{Common Salt.)

1. If sodic chloride be heated in a glass tube* sealed

at one end, it deci-epitates.

2. A small quantity of sodic chloride when heated in

the outer flame of a Bunsen burner, or in the oxidising
flame of the blowpipe on the end of a platinum wire,

colours it yellow. If a ciystal of potassic dichromate, or
a slip of paper, tinted with mercuric iodide, be seen in
this light, it appears white.

Sodic chloride is easily soluble in water. Its solution
is ncuh-al to test paper.

3. Argentic nitrate (AgNO.,), when added to this
solution, produces a white curdy precipitate (AgCl), soluble
in NHg, but not in HNOoj so that if the ammoniacal
solution be acidified with HNOg, AgCl is again precipi-
tated.

4. Mercurous nitrate Hgg (NOg)^ gives a white pre-
cipitate of calomel (HgoCL), insoluble in HNO.,, which
turns black on addition of NH,. (HgoCL + 2NH, =
N,Hg,H„Cl,.)

* Before each operation the test tube must be thoroughly washed
with distilled water. If solid substances are to be heated, the
tube must be carefully dried. This may be easily done by heating
the tube over a flame, while the air is sucked out by a glass tube
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Plumbic acetate (Pb [CoHgOsJa); white crystalline

precipitate, iiisokible in HNO 3. Soluble in a large

quantity of boiling water, from which long needles of

PbClg are deposited on cooling.

II. SODIO CARBONATE, NaaCOg + IOH0O.

1. On heating in a test tube, water is driven off.

2. NagCOa colours the flame yellow {vide I., 2).

3. It is soluble in water. The solution has an alkaline

reaction, and efiervesces on addition of HCl.

III. SODIC SULPHATE, Na^SO^ + lGHaO.

1. When heated in a test tube, it parts mth its water

of crystallization.

2. Nao SO4 impai-ts a yellow colour to the flame.

3. If NasSO^ be heated on charcoal, in the reducing

flame of the blowi^ipe, Na.S is formed. The melted mass

is detached from the charcoal, placed on a polished silver

coin, and moistened with a few drops of water. Where

the NagS was in contact with the silver, a black stain is

left (Ag,S).

4. BaClo added to the neutral aqueous solution, pro-

duces a white precipitate of BaS04, insoluble in acids.

5. Pb(C„ H30o)2j vvhite precipitate (Pb SO4), insoluble

in acids. On addition of H o S, the precipitate turns black.

PbSO^ + H2S = PbS + H2 SO4.

IV. POTASSIC NITRATE, KNO3.

{Saltpetre.)

1. Potassic nitrate melts when heated in a glass tube.

2. When heated on a iDiece of charcoal before the blow-

pipe, it deflagi-ates.

3. KNO3 colours the flame violet. If the flame be seen

through a glass prism filled with a solution of indigo, it
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appears dart red, even when seen througli tlie thickest

part of the prism.

4. Hydric-sodic-tartrate (NaHjC^H^Og) when added

to a saturated* sohitiou of potassic nitrate, produces a white

l)recipitate of hydric-potassic-tartrate (KHC^H^Oß).
In dilute solutions this precipitate does not form at once,

but only after standing foi- some time. If the inside of

the test tube be i-ubbed with a glass rod, the precipitation

takes place more readily.

5. Platinic chloride (PtCl^); yellow precipitate

(PtCl,.2KCl).— [3PtCl4 + 4KN03 = 2(PtCl4.2KCl) +
Pt(NO,),].

6. A portion of the solution is mixed with an equal

A-olume of concentrated sulphuric acid, and on the mix-

ture cooling, a solution of ferrous sulphate is added care-

fidlv; at the point of contact of the two fluids, a brown
ring is formed {2Fe SO^NO).— [GFeSO^ + 2HNO3

+

= 2N0 + 3Fe„ (SO4) 3 + O].

7. If a solution of KNO3 be treated with hydrochloric

acid, to which a few drops of indigo solution have been

added, and the fluid boiled, the blue colour of the indigo

disappeai-s. [3C8H,NO(tW7» + 2HNO3 = SCsHgNOa
{isatin, reddish-yellow) + 2N0 + HgO.]

8. When dry potassic nitrate is heated with copper

foil and concentrated HgSO^, brownish red vapours are

evolved (NO.).

V. AMMONIC CHLORIDE, NH4CI.

1. Ammonic chloride, when heated iii a tube, sublimes

without previously melting.

2. In a concentrated aqueous solution PtCl^ produces

a yellow crystalline precipitate (PtCl,i.2NH4Cl).

3. AgN0,3 ; white precipitate of AgCl (vide I. 3).

4. NaHC^H^O (. gives a white ciystalline precipitate

* A saturated solution is prepared by boiling the substance
with as small a quantity of the solvent as possible, and filtering

ofi' the solution from the undissolved residue.
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(NH^HC4H40(;), soluble in a large quantity of HjO,
and in NHg.

5. If the solution of ammonic chloride be mixed -svith

a concentrated solution of NaOH in a basin, NHg escapes,
which may be recognised by its smell. The vapour
coloiu"s red litmus paper blue ; and if a rod, moistened
Avith acetic acid, or with dilute HCl, be held near the
escaping vapour, a white cloud is formed.

VI. SODIC NITRATE, NaNOs-

1. NaNOg detonates when heated on charcoal. The
residue contains sodic carbonate, which, if brought into

contact with moist red litmus paper, changes the red colour
to blue. The fused mass, treated with HCl, evolves

2. For reactions of Na, see I. 2.

3. For reactions of HNOg, see IV. G,

VII. HYDRIC-DISODIC PHOSPHATE,

Na^HPOi+lSHoO.

1. When heated in a tube, it gives off water. The
aqueous solution has an alkaline reaction.

2. AgNOg produces a yellow precipitate (AggPO^),
soluble in NHg, and in HNOg.

3. Pb (CaHgOg)«; white precipite.te (Pbg [POJ2)
soluble in HNOg.

4. Ca CI 2, or BaCla ; white precipitate (CaHPO^-,
or BaHPO^), soluble in HCl. Ammonia added to the
solution in HCl, reproduces the precipitate. (Ca., [PO .1«

or Bag [POJ ,)— (3CaHP0^ + 3 NHg = Cag [POJ„ +
(NHJg (PO,).

5. NH4CI, NHg and MgSO^ are added to the solu-

tion of Nag HPO4. A Avliite precipitate (Mg [NH4]
PO^) is thrown down.
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VIII. SODIC DIBORATE, NaoB^Or + IOH0O.

(Borax.)

1. When heated in a tube, sodic diborate bubbles np,

and gives oß' water.

2. When heated on charcoal, the same takes place;

finally, however, it melts, and forms a colourless trans-

parent bead. The concentrated solution has a slightly

alkaline reaction.

3. If a hot saturo ted aqueous solution be treated with

concentrated HoSO^, glancing crystals (B[OHJs), deposit

from the liquid on cooling.

4. CaClo, orBaCL,when added to a concentrated solu-

tion of borax, give white precipitates, soluble in excess of

water.

5. Tiu-meric paper, after having been dipped in a solu-

tion of sodic diborate previously acidified with HCl, turns

brown on drying.

G. Some SOdic diborate is placed in a basin, moistened

with HoSO 4, and alcohol added; on apj^lying light, the

alcohol burns with a green flame, which may be intensified

by stii'ring the mixture. The flame is rendered more
distinct, if, after allowing the alcohol to burn for some
time, it be blown out, and again lighted.

For reactions of sodium, vide I. 2.

IX. MAGNESIC SULPHATE, MgS0, + 7H,0.

1. On heating in a tube, water is given off.

2. On heating with NaaCOg on charcoal, in the re-

duction flame, NaoS is formed {vide III. 3).

In aqueous solution,

3. NaOH, or NH3 gives a white precipitate (Mg[OH] .,),

soluble in NH^Cl.
4. NaoCOgj white precipitate, soluble in NH4CI.
5. Ammonic carbonate ([NH^]« CO^) gives no pre-

cipitate; but on addition o"f Na2HPÖ4,('NH4)MgP04
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separates out {vide VIL 5).—(MgSO^ + (NH4)2C03
+ Na„HP04 = Mg(NH4)P0^ + NroSO^ + NH^HCOs).
For reactions of HoSO^^, see III. 4.

X. CALCIC CARBONATE, CaCOg.

{Marble, Chalk.)

1. CaCOg is not altered by being heated in a tube.

2. When heated on charcoal, COg is evolved. The
residue possesses an alkaline reaction (VI. 1).

3. CaCOg is ^soluble in H2O, but dissolves in HCl
with effervescence. If the gas which is evolved be led

into clear lime-water, turbidity is immediately produced,

or if a drop of baryta-water bo held close over the efier-

vescing fluid, it becomes turbid (BaCOg).

4. Prepare a neutral solution of CaClg, by treating

chalk or marble with a qtiantity of HCl, insufiicient to

dissolve it. After the evolution of gas has ceased, the

solution is heated to boiling, and filtered off from tho

undissolved marble. If all dissolves, more CaCOg must
be added.

From this solution,

5. NaOH precipitates Ca(OH) 2, soluble in a large

excess of water.

6. NHg gives no precipitate, but (NH4)2C02,orNa2C03,
throws down a white precipitate of CaCO 3.

7. Nag HPO4 ; white precipitate (CaHP04, vide

VII. 4), soluble in HCo Hg Og, and in all inorganic

acids.

8. Amnionic oxalate ([NH4]2C204); white precipitate

(CaC2 04), insoluble in HC2H3O2, soluble in HCl, or

in HNO 3. It is precipitated again from these solutions

by HNO3.
9. H2SO4 gives a white precipitate (CaS04) only in

concentrated solutions, soluble in a large quantity of

water, and also in HCl. It is precipitated from these

solutions on addition of alcohol.
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XI. BARIC CHLORIDE, BaCl2 + 2H,0.

1. If heated in a tube, BaCL gives off its water of
crystallization.

2. It fuses when heated on charcoal. The residue has
an alkaline reaction.

3. BaClo colours the flame gi-eenish-yellow.

4. NaOH, added to a concentrated aqueous solution,
produces a white precipitate of Ba(0H)2, soluble in
boiling water.

5. NHo gives no precipitate, but (NH4)2C03 gives a
white ])recipitate of BaCOg. »

G. H0SO4; ^vhite precipitate (BaS04), insoluble in
acids (vide III. 4).

7. A solution of CaSO^ produces turbidity in solutions
of salts of barium, owing to the great insolubility of the
resulting BaSO^.

8. Na^HPO^; white precipitate (BaHPO,), soluble
in HCl (vide YIL

4
J.

9. Hydro-fluo-silicic acid (SiFL.2HFl): white pre-
cipitate (SiFl.^ BaFla).

10. K2 Ct,0^; yellow precipitate (BaCrO^), soluble in
HCl, but on addition of NH3 is again precipitated.
(BaCl2 + KaCrgO^ = BaCrO^ + CrOs + 2KC1).
For reactions of CI vide I. 3.

XII. STRONTIC CHLORIDE, SrCL + GH^O.

1. When heated in a glass tube SrCIj gives off water.
2. It behaves like BaClg (XI. 2), wiien heated before

the blo\v])ipe.

3. It imparts to the flame a brilliant ciimson colour
4. NaOH, NH3, Na^ CO3 (or [NHJ^CO,,), Na.HPO^,

when added to an aqueous solution of SrClg, produce
reactions analogous to those of BaCl,, (XI. 4, 5, 8).

5. H^SO^j white precipitate (SrSO^), insoluble in
acids.
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6. CaSOi produces a slight turbidity after standing for

some time.

7. Si Fl^.2H Fl, and KoCrgO^, give no precipitates.

XIII. CALCIC SULPHATE, CaSO^ + SHaO.

{Gypsum.)

1. When Iieated in a tube, water is given ojff.

2. When beated before the blowpipe with sodic carbon-
ate, it is reduced to sulphide.

It dissolves witlj difficulty in H.,0, but more easily in
HNO3.

3. (NH4)2C2 04, when added to the aqueous solution

produces a white precipitate CaC^O.^.

4. BaCl,; white precipitate (BaSO^).
Ö. Alcohol added to the aqueous solution produces a

white precipitate (CaSO^), owing to its not being so
soluble in a mixture of alcohol and water (X. 9).

XIV. AMMONIC ALUMINIC SULPHATE,
A1[NH,][S04]2 + 12H20.

{Ammonia Alum.)

1. When heated in a glass tube, water is evolved.

2. It is converted into sulphides when heated before

the blowpipe with NagCO 3.

3. Ammonia when added to the aqueous solution pro-

duces a white precipitate (A1[0H]3), insoluble in excess

of the precipitant.

4. NaOH; Avhite jDrecipitate (A1[0H]3), soluble in
excess, but again precipitable by NH4CI.

5. Na^COg; white precipitate (A1[0H]3), with evolu-

tion of COg. (SNagCOg + 2(NH4)A1(SÖJ,+ 3H2O =
2A1(0H)3 + 3CO2+ 3Na2S04 + [NH^j^SO^):

6. (NH4)2S; white precipitate (A1[0H]3), with evolii-
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tion of H,S. (SrNHJ.S + 2[NHJ Al [SO,L + 6H.,0
= 2Al(OH)3 + 3H,S + 4[NHJ.SO,)
Reactions for H^SO^, vide III. 4. For those of am-

monia. vide V. 5.

XV. POTASSIC BICHROMATE, K.Cr.Oy.

1. When heated in a glass tube, it fuses, forming a
dark red fluid.

^

2. It deflagrates slightly when heated on charcoal. The
residue consists of Cr^Og and KoCOg.
^

3. Before the blowpii^e with microcosmic salt or borax,
it gives a green bead, both in the reducing and oxidisino-
flames.

4. (NHJoS, added to the orange -coloured aqueous
solution, gives a brown precipitate (Cr., [Cr0J,), accom-
panied by the separation of sulphur. The solution con-
tains yellow K.ßvO,.{bK Or,0^ + 3(NH,).,S = Cr,(CrO,),
+ S3 + 5K,CrO, + 6NH3 1 3H;0). ^If the' soluti^ii, aftel
being saturated with (NH,),S, be heated to boiling, green
tr[0H]3 IS precipitated, besides more sulphur (KX'r.O^
+ ^[NH,1,_,S + H,0 = 2Cr[OH]3 + S3 + 2K0H + 6NH3).
.

, ^5^S\^-')2 ;
yellow precipitate (PbCrO,), insoluble

in dilute HNO3, ^^^^ dissolving readily in NaOH.
6. Hg,(N03)2; l>i'ight red precipitate (Hg„CrO ").

7. AgNOg; brownish red precipitate (Ag^^CrO.).
8. The aqueous solution of SO.,, reduces Dotassic di-

chromate to the state of green chromic salt.

9. When boiled with concentrated HCl, chlorine m
given oft; and a green solution of CrClg remains behind
ihe reaction is more easily obtained on addition of sorao
drops of alcohol (K.,Cr„07 + 8 HCl + 3C H O - 9P,-Pl ^
2KC1 + 3aH,0 (aldehyde) + 7H.!o)! ' '

~

10. NaOH, added to this solution, produces a m-een
precipitate (Cr[0H]3), ^Inch is soluble in excess of the
l)recipitant, but is re-jn-ecipitatcd on boiling.

11. NH3; a precipitate of a greyish-blue colour,
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slightly soluble in excess. The solution has a reddish

colour.

12. (NHJ.,S; precipitate of Cr [OHJg.
_

13. NaoCOg; green precipitate of a basic salt.

XVI. IRON, Fe.

1. A thin piece of iron wire burns when held in the

blowpipe flame, forming FcgO^.

2. Iron dissolves in warm HCl, with evolution of H,

and deposits a residue of insoluble carbon. The solution

should contain excess of ii'on, and should be boiled till

the evolution of H ceases.

3. In this solution of FeClg (Ferrous chloride) NaOH,

or NH3, produces a greenish-white precipitate (Fe[0H]2),

which turns first green, and finally reddish-brown, when

exposed to the aii', forming Fe(0H)3.

4. Na2C03; white precipitate, turning rapidly brown

by absorption of oxygen.
^

5. (NH4)2S; black precipitate (FeS), soluble in HGl,

with evolution of H.,S.

Boil the solution "of FeCl2 with a few drops of HNO3.

It rapidly assumes a yellow colour, and contains ferric

salts ; at the same time NgOg is given off. (SFeClg +

4HNO3 = 2FeCl3 + Fe(N03)3 + NO -)- 2H2O.

)

6. NaOH, NH3, or Na2C03 added to this solution give

reddisli-brovv^n precipitates (Fe[OH]g).

7. HgS; pure v/hite precipitate of S. The solution

contains iron in the dyad state.

8. (NH^j.S; black precipitate of FeS and S.

9. Potassic-feiTOcyanide (4KCN.Fe[CN]2); dark blue

precipitate (Prussian blue— Fe.[CN]i8 = 4FeCN3.3Fe

10. Potassic sulphocyanide (KCNS) ; blood-red colour-

ation (Fe[CNS]3).

11. BaCOg suspended in water gives a brown precipi-

tate of Fe(0H)3, with evolution of CO2.

1 2. If a portion of the precipitates, obtained as directed
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III XVI. 3-6, be heated before the blowpipe in the reduc-
ing flame, with a bead of microcosmic salt, a green bead
IS i)roduced, which turns red when held in the oxidisin*'
part of the flame. When cold the colour of the bead
will have partially or totally disappeared.

XVII. MANGANIC DIOXIDE, UnO^.

1. When heated strongly, in a glass tube, it yields up
a portion of its oxygen. A glowing splinter of wood,
when inserted into the tube, commences to burn with a
bright flame.

T^^n^^l^' ,^
^^««l^^ble in H^O, in H,SO„ and in

HJNU.; but dissolves in HCl, with evolution of CI.
3. Eoil some MnO., with, concentrated HCl, till the

chlorine IS no longer given off", and filter oflF from the
excess of MnO^. Add Na.COg tül a precipitate is pro-
duced, which does not disappear on shaking the liquid.Add a few drops of HC.H.O^ to dissolve the precipitate,
and then an excess of NaC,H302, and boil. The result-
ing precipitate of basic ferric acetate is filtered off dis-
solved in HCl, and the presence of iron proved according
to the du-ections in XVI. 9, 10.

°

In the filtrate, Avliich contains the manganese

M^ni^?^ ""-n^^^^ * '""^'^^ precipitate ofMn(UH),, rapidly turning brown in the air ^Mn O )
In prescnoo^of NH CI mi, produces no precipitate.

a ?fe?^s.''i^?^^^'P^^^^
^liite precipitate (MnCO,).

. ?Vr\, ^
^^^^^-coloured precipitate of MnS, soluble

in xiLyi.

HMnO
^"'^"'^ "^'^ ^

1

^^^^ ^^3, is oxidised toHMnO (permanganic acid), the solution of which has adeep red colour.

8. When heated with a bead of microcosmic salt before^e blowpipe, MnO gives an amethyst-coloured bead!which becomes colourless m the reducing flame
9. If MnO, and Na,CO„ with the addition of a small
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quantity of K:N03, be fused on a piece of platinum foil, a

greenisii-blue mass results (Sodic manganate Na2Mn04).

XVIII. ZINC, Zn.

1, When heated on charcoal, it bums with a white

flame, giving a white smoke (ZnO), and leaving a deposit

on the charcoal, which is yellow when hot, and grows

white on cooling, and which is not volatile.

2, Zn is soluble in HCl, \vith evolution of H. Boil

excess of Zn with HCl till the effervescence ceases, and

filter off the colourless solution of ZnClg.

3, NaOH, or NH3, added to this solution give a white

precipitate (Zn[OH]o) soluble in excess of the precipi-

tant.

4, NaaCOg; white precipitate of a basic salt. Carbonic

anhydride is evolved.

5, HgS ; white precipitate (ZnS), soluble in HCl. If

the solution of ZnClg contain much free HCl, Hß fails

to give a precipitate.

6 (NE^)ßj white precipitate (ZnS), insoluble in

HC,H302.

XIX. NICKEL SULPHATE, NiS04 + 7H20.

1. NaOH, added to the aqueous solution, produces a

green precipitate of Ni(0H)2.

2. NH,,; Ni(0H)2, soluble in excess of the precipitant.

3. NagCOg ;
green precipitate of a basic salt (2NiC03.

3Ni [OH],).

4. (NH4)2C03 ;
green precipitate, soluble m excess.

5. (NH4)2S ; black precipitate (NiS), insoluble in HCl.

If a portion of this precipitate be heated with a bead of

microcosmic salt, in the blowpipe flame, the bead assumes

a colour, varying, when hot, from red to reddish-brown,

and when cold from yellow to orange.
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XX. COBALTIC NITRATE, Co(N08)2 + SH^O.

1. NaOH precipitates a blue-coloured basic salt from
the aqueous solution of cobaltic nitmte; on boiling, the
precipitate changes to a dirty red colour (Co[OH]2).

2. NH3; blue precipitate of a basic salt, soluble in
excess of the pi-ecipitant to a red liquid.

wni (^^4)82^ black precipitate (CoS), insoluble in
HCl. Some of the precipitate, investigated before the
blowpipe gives, in either flame, a blue bead.

4 Potassic nitrite (KNO^), added to a solution which
has been acidified with HCgHoOg, produces a yellow pre-
cipitate after some time (Co[OH]KJNOJ,):(CorNO,L

XXI. LEAD, Pb.

1. Le^d, when heated on charcoal before the blowpipe

(PbO)
^^^^ ^^^^^ charcoal ^vith a yellow deposit

1^' ^^''^^i« insoluble in HCl, and in H^SO., but dis-
solves m HNO3, with evolution of NO. (3Pb + 8HN0
= 3Pb[N03]2 + 2N0 + 4H,0). ^ '

3. From neutral solutions of lead, zinc precipitates
metallic lead in a crystalline state.

4. H^Sj black PbS, insoluble in acids. When boiled
with concentrated nitric acid, it is resolved into PbSO •

white, and insoluble in acids.

5. NaOH; white precipitate (Pb[0H]2), soluble in a
large excess of the precipitant.

6. NH3; white precipitate of a basic salt, soluble in
excess.

7. Na.COg ; white PbC03.
8 H^SO,; white PbSO^. insoluble in acids, but easily

soluble in ammoniacal solution of H^.C H O On iddi
tion of (NH,),S, PbSO, turns into Pbs!^
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9. HCl ; white PbClg, soluble in a large quantity of

boiling water (vide I. 5).

10. KjCToOj ;
yellow j)recipitate of PbCrO^ (vide XY.

5).

11. (NHJgS; black precii)itate (PbS).

XXII. BISMUTH, Bi.

1 . When heated in a glass tube, metallic bismuth fuses

without volatilising.

2. If heated on charcoal before the blowpipe it fuses,

giving a yellow incrustation (BigOg) and a brittle metallic

globule.

Bismuth is soluble in concentrated HNOg with evolu-

tion of NO.
3. HgO, added to a solution of Bi in HNOg, throws

down a white, crystalline, basic salt (BiONOg + HgO).
If much nitric acid be present, the precipitate does not

appear till some NaCl, or HCl, has been added. In tliis

case, hismuthyl chloride (BiO.Cl) is formed (Bi[0H]2
NOg + NaCl - BiO.Cl + NaNOg + HgO).

4. H2S, or (NH4)2S; blackish-brown precipitate of

BigSg, soluble neither in (NH^)2S, nor in dilute acids.

5. NaOH, or NHg; white precipitate (Bi[0H]3), in-

soluble in excess.

6. K2Cr207; yellow precipitate ([BiO].Bi[Cr04]2), in-

soluble in NaOH, but soluble in HN03.{2Bi[NOo].5

+

KaCrgOy + 2H2O = [BiO]Bi[Cr04]2 + 2KNO3 4- 4HNO3).

XXIII. COPPER, Cu.

Copper is soluble in HNOg, with evolution of NO.
1. Fe (iron wii-e) precipitates metallic copper from the

solution of cupric nitrate (Cu[N0g]2).

2. NaOH; blue precipitate (Cu[0H]2), which turns

black on being boiled (CuO).

3. NHg] greenish -blue precipitate of a basic salt,
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which dissolves in excess of the precipitant with a deep

blue colour (Cu[N03]o4NH3).
4. HoS; black precipitate (CuS). Heat a i^ortion of

the precipitate, mixed with sodic carbonate, on charcoal

before the blowpipe, and reduce the melted mass to

powder, by rubbing in an agate mortar with a little

water. If the particles of carbon be removed by decan-

tation, small glancing particles of metallic copper are loft

behind.

5. (NHj)^S; black precipitate (CuS), insoluble in

dilute acids in the cold, and almost insoluble in the pre-

cipitant. Before the blowpipe the precipitate, when
heated on borax in the oxidising flame, gives a green

bead, which becomes red and opaque when removed to

the reducing flame.

6. 4KCNre(CNo); reddish-brown precipitate

(2Cu[CNJ..Fe[CN].,), insoluble in acids.

XXIV. CADMIUM, Cd.

1. Cadmium heated before the blowjDipe fuses and
volatilises, leaving a brown incrustation on the charcoal

(CdO).

2. Cadmium dissolves slowly in HgSO^ and in HCl,
but easily m HNO3 *o Cd(N03)2.

3. Metallic Zn precipitates from this solution metallic

cadmium.
4. H.2S; yellow CdS, insoluble in NHg.
5. (NH^)^S

;
yellow CdS, insoluble in the precipitant.

6. NaOH ; white Cd(0H)2, insoluble in excess.

7. NH3; white Cd(011)2, easily soluble in excess of

NH3.
8. Na.COgj white CdCOg.

XXV. MERCURY, Hg.

1. Mercury dissolves with ease, in slightly warm
HNO3. The solution may be decanted from the excess
of mercury, and consists of Hgo(N02)2.
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2. Cu (copper-foil) ; metallic merciuy.

3. S0.2 ;
gray, metallic nerciuy.

4. H,S, or (NH4),S ; black Jlgß.
5. NaHO; black^Hg.O.

6. NHg; black amido-compouncls (N.Hg2H2HNOp.
7. HCl ; white HggClg (calomel).

8. KI
;
greenish-yellow Hgolg.

Add to the solution of Hg2(N03)2 some concentrated

HNO3, a few drops of HCl, and boil till the precipitate

disappears.

In this solution (Hg[N03]2),

9. Cu ; metallic mercury.

10. Stannous chloride (SnClg); a white precipitate of

HgoCl2 is produced; on addition of more SnClg, gray,

metallic mercury.

11. NaOH; brown precipitate of a basic salt; on addi-

tion of more NaOH, is changed into yellow HgO. Heat
a portion of the latter precipitate in a glass tube, when
metallic mercury will sublime, and may be formed into a

globule by rubbing.

1 2. NHg ; white precipitate of an amido-com2">ound.

—

(N2Hg3H2[N03]2.)
1 3. Na^COg ; reddish-brown precipitate of a basic salt

(HgCOg.SHgO).
14. HgS, or (NH4)2S, added in small ql^antity, produce

a white precipitate (2HgS.Hg[N03]2), which by addition

of more of the precipitant turns to HgS.
15. KI ; red precipitate (Hgig), soluble in excess of KI.
16. HCl produces no precipitate.

XXVI. SILVER, Ag.

1. Dissolve a silver coin in HNO3, and precipitate the

silver as chloride (AgCl) by adding HCl to the solution,

which has a blue colour owing to the presence of copper

(Cu[N03]2). Shake the solution and filter it. The pi'e-

cipitate (AgCl) is well washed with hot water, dried, and
fused in a porcelain crucible. As soon, as the melted
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nifiss lias grown cold, a little water is poured on tlie top,

a piece of zinc laid on it, and a few drops of HCl added.

After a few hours the undissolved zinc is removed, the

metallic silver boiled with some HCl, and washed with

water repeatedly by decantation, then dissolved in HNO3.
The solution of AgNOg is evaporated carefully to dryness,

and the dry residue dissolved in HgO. The solution is

filtered.

2. Cu.
J

metallic Ag. The blue' solution contains

Cu(N03)2.

3. HoS, or (NHj)oS; black precipitate (Ag^S).

4. NaOH ; dark brown precipitate (Ag^O).

5. NHg; brown precipitate (Ag^O), easily soluble in

excess of the precipitant. If free acid be present in the
solution of AgNOg, NHg produces no precipitate.

6. NaoHPO^
;
yellow precipitate (AggPO,), soluble in

NHg and in HNO3.
7. HCl ; white curdy precipitate of AgCl, soluble in

NHg, insoluble in HNO3. If exposed to the light, it

assumes a violet colour.

XXVII. TIN, Sn.

1. When heated on charcoal, before the blowj^ipe, it

fuses, and when exposed to the outer flame, is oxidised to

SnO.,.

2. Tin is soluble in concentrated boiling HCl, with
evolution of H.

3. Zn precipitates crystalline metallic Sn from this

solution.

4. NaOH ; white Sn (0H)2, soluble in excess.

5. NHg ; white Sn (0H)2, insoluble in excess.

6. Na^'COg ; white Sn (OH),, with evolution of CO^.
7. H2S ; dark brown precipitate (SnS).

8. (NH^)2S; dark brown SnS, soluble in yellow
ammonic sulphide {i.e., [NHJgS, in which sulphur is held
in solution). HCl added to this solution gives a yellow
precipitate of SnS^.
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If Sn be lieated with HNOg, it forms white insoluble

metastannic oxide (SnOg). As soon as the precipitate

has a pure white colour, the acid is poured off, the residue

washed with water by means of decantation. boiled with

concentrated HCl, and water added to the solution, which

is then filtered.

9. NaOH pi'oduces a white precipitate (SnO[OH]^),

soluble in excess.

10. NHg ; white precipitate of SnO(OH).„ insoluble in
•

excess.

11. Treat a portion of the precij)itate as directed in

XXTII. 4. White, glancing, malleable, metallic beads

are obtained.

12. The solution of Sn is diluted largely with water,

and boiled. White precipitate, SnO(OH)2.

XXVIII. ANTIMONY, Sb.

1. When antimony is heated in a glass tube it fuses,

but does not sublime.

2. If heated before the blowpipe, on charcoal, it melts,

and gives a white, volatile incrustation (Sb^Og). The
fused bead of antimony continues to burn spontaneously,

forming white vapours, and becomes covered with needle-

shaped crystals of SbgOg.

3. Antimony is insoluble in HCl
;
HNOg changes it

to white, insoluble SbOg ; but in a mixtiire of these acids

(three volumes of the former to one of the latter), it is

soluble. The solution contains SbClg.

4. H2O; white "powder of algaroth" (SbOCl). The
precipitate dissolves in H^ GJ^i^G- Accordingly, if this

acid be present, water fails to produce a precipitate.

5. HgS ;
orange-red coloured i^recipitate (SbgSg).

6. (NH^).2S
;
orange-red coloured jirecipitate, soluble in

excess of the precipitant, but is again precipitated by
HCl.

7. NHg ; white Sb(0H)3, insoluble in excess.

8. Zn ; metallic Sb. If the reduction be performed in
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a i)iece of platinum foil, or on a capsule, the Sb deposits

on the platinum in black spots, difficult to remove.

XXIX. ARSENIC, As, and ARSENIC ANHYDRIDE,
AS0O3.

1. Arsenic heated bcfoi-e the blowpipe, gives off white

fumes of As.,03. A smell resembling garlic may be per-

ceived.

2. When heated in a tube, arsenic sublimes, giving a

brilliant metallic mirror.

3. Metallic arsenic, heated with a small quantity of

HNO3, gives AsoOg, which is but slightly soluble. If heated

with an excess, HgAsO^ is formed, easily soluble in

water.

4. AsoOg ; when heated in a glass tube sublimes, and
deposits, in the cool part of the tube, as crystals, which
may be easily seen by aid of a lens.

5. If AS2O3 be heated in a tube, with a fragment of

charcoal, it is reduced, and a mirror of As is deposited in

the cool part of the tube.

G. As^Og heated on charcoal sublimes; and gives off a
smell resembling garlic ; when volatilized from a porcelain

crucible, no smell is perceptible.

AS0O3 is soluble in water, but with difficulty.

7. HoS added to this solution, gives a yellow colour-

ation. On addition of HCl, yellow AsgSg is precipitated,

which is soluble in NH3 and (NII^)2S, but may be again
precipitated by adding an acid.

8. (NH^)oS gives no precipitate ; but on adding HCl,
a yellow precipitate (AsgSy) is produced.

9. AgN03 gives no precipitate; but on addition of a
drop of NH3, Ag3As03 is thrown down, which dissolves

in excess of NH3, and in HNO3.
As^03 dissolves, when boiled with HNO3.
10. gives, in a lukewarm solution, when an excess

is employed, yellow As^Sg, and free S.

11. AgNOg gives no precipitate. If the liquid be
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carefully neutralised with NHg, a reddish-brown precipi-

tate of AggAsO^ is produced, which is easily soluble in

NHg, and in HNOg.
12. On addition of excess of NHg, NH^Cl, and

MgSO^, a white precipitate (Mg[NH4]As04, analogous
to that produced by phosphoric acid (see VII. 5), is

formed.

XXX. POTASSIC CHLORATE, KClOg.

1. When heated in a tube, IvClOg fuses, and gives off

oxygen (vide XVII. 1). The residue contains KCl. It

is dissolved in water and AgNOg added, when a curdy

precipitate (AgCl) is formed (vide XXVI. 7).

2. If heated on charcoal, deflagration ensues.

3. If a small quantity of KClOg be ti-eated with con-

centrated H2SO4, and the mixture gently heated, a yellow

explosive gas (ClOg) is evolved ; the KClOg, at the same
time, assuming a yellow colour (SKClOg + 2H2SO^ =
2CIO2 + KCIO4 + 2KHSO4 + HgO).

4. If the dry salt be heated with HCl, a yellowish-

green gas escapes—a mixture of CI and HCIO.
5. KCIO3 is moi-e easily soluble in hot than in cold

water. In this solution neither AgNOg nor Hg2 (N03)2

produce a precipitate.

6. Add a few drops of indigo-solution, some HgSO^,
and then an aqueous soli;tion of SOg drop by drop. The
colour of the indigo disai^pears, owing to the formation

of lower oxides of chloi-ine.

XXXI. SODIC SILICATE.

(Soluble Glass.)

1. The aqueous solution of soluble glass, if treated with

an acid (HCl, HNOg), or with NH^Cl, or (NH4)2C03,

deposits silicic acid (Si[0H]4).

2. This silicic acid may be rendered insoluble, if the
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soluble glass be acidified witli HCl, and evaporated to

dryness. A few drops of HCl arc added to the residue,

then some water, and the fluid is boiled.

3. The silicic anhydride (silica, SiO^), which separates

out, is collected on a filter. If heated with microcosinic

salt, before the blowpipe, an opaque bead is produced.

4. Evaporate the solution left after the removal of the

SiOo. Nothing remains but NaCl {vide I).

XXXII. HYDRIC POTASSIC OXALATE,
KHCoO, + HoO.

1. When heated in a tube, water is evolved; the mass
blackens, and when the temperature has risen sufficiently,

a gas is evolved (CO), which burns with a blue flame.

The residue consists of K^COg, exhibits an alkaline reac-

tion, and efiervesces with acids.

2. Some KHC.^O^ is mixed with MnO^ in a tube, and
HoSO^ added. COo is evolved with effervescence.

3. CaCI^, added to the aqueous solution, produces a
white precipitate {CaG.20^). Vide X. 8.

4. Pb(C.,H30,).,; white precipitate of PbC.O,, soluble
inHNOg."

5. If the dry salt be heated in a tube with concentrated
H^SO^, a mixture of gases escapes, which renders lime-
water turbid (COo), and burns with a blue flame (CO).

XXXIII. SODIC HYPOSULPHITE, m.ßß, + 5H,0.

1. When heated in a tube, water is evolved. The
residue consists of Na^S and NagSO^; it is dissolved in
water, and to a part of the solution some HCl is added.
ll.ß escapes; and if some BaClg be added, BaSO^ is pre-
cipitated. To another portion of the solution some
AgNOg is added; a black precipitate is thrown down
(^g2^)- remainder of the solution, add some
sodic nitro-prusside Na.2Fe(N0)(CN),; violet colouration.

2. On addition of HCl to the aqueous solution, sulphur
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is precipitated; tlie precipitation is accelerated by heat.

SO, may be recognised at the same time by its pungent

smell.

3. V]3{C.^ß,).2; white precipitate (PbS^Og), which

blackens in boiling, owing to the formation of PbSPbS.,03

+ H2O = PbS + H.SO^.
4. BaCl^; white"precipitate (BaSgOg), soluble in a large

amount of water.

5. PeClg; violet colouration, disappearing in a short

time.

XXXIV POTASSIC IODIDE, KI.

1. A^NOg added to the aqueous solution, gives a yellow

precipitate of KI, which is soluble in NHg and HNO3.
2. HgCl2; red precipitate of Hglo-

3. Hg2(N03)2; greenish-yellow, Hg2l2.

4. Pb(C.,H302)2; yellow Pbig, soluble in a considerable

quantity of boiling water. On cooling, glittering crystals

are deposited.

5. The solution is acidified with a few di-ops of H2SO4,

some starch solution added, and then KNO2 (potassic

nitrite), drop bv drop. The liquid assumes a deep blue

colour. (KI + H2SO4 + KNO2 = I + NO + K.SO^ + H2O).

6. Some K2Cr207 and concentrated HgSO^ ai-e added to

the solution, and iodine is set free, which escapes as violet

vapours when the solution is boiled.

7. Boil the solution with FeClg, iodine is given off.

(FeClg + KI = I + PeCl2 + KCl).

XXXV. STRONTIC SULPHATE, SrSO^.

(Celesiin.)

1. SrS04 is not altered by heat.

2. If heated on charcoal, before the lilowpipe, with

Na2C03, strontic sulphide is formed, which is insoluble

in water and in acids.

3. If SrSO^ be boiled with a solution of NRgCOg, and



POTASSIC CYANIDE. 31

filtered while boiling, some HCl added to the filtrate,

and then BaCl.,, a precipitate of BaSO^ is thrown down.
4. The precipitate, insoluble in Na^CO^, which consists

of SrCO^, IS dissolved by pouring some HCl through the

filter. CaSO^ added to the filtrate, produces a turbidity

after lapse of time.

5. If SrSO^ be boiled with a solution of two parts of

K0CO3 and one part of K^SO^, and the liquid filtered

while boiling; the residue after being washed out with
H._,0, dissolved in HCl, and evaporated to dryness; some
alcohol added to the residue (SrCl.,), and ignited; a
criuison-i ed colour is imparted to the flame.

XXXVL BARIC SULPHATE, BaSO^.

{Heavy spar.)

1. When heated in a tube BaSO^ remains unaltered.
2. Heated with NaoCO^, on charcoal, before the blow-

pipe, a sulphide is produced. BaSO^ is insoluble in HgO,
and in acids.

3. If BaSO
j
be repeatedly boiled with successive quan-

tities of NaoCOo, and the solution filtered while boiling,
it may be decomposed. The solution contains Na„s6.
{vide XXXV. 3).

*

4. The insoluble (BaCOg) may be dissolved by pouring
HCl through the filter in which it has been collected.

CaS04 added to the solution produces an instantaneous
precipitate (BaSO^).

5. The mixture of KgCO, and K2SO4 does not act
decomposingly on BaSO^ {vide XXXV. 5). The residue,
filtered off, and treated with PICl, does not dissolve.

XXXVIL POTASSIC CYANIDE, KCN.

1. HCl added to the aqueous solution liberates hydro-
cyanic acid (prussic acid, HCN), which may be recognised
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by its smell, resembling bitter almond» It is excessively

poisonous,

2. AgNOg; wMte, cnrdy precipitate (AgCN), easily

soluble in excess of KCN, and in NH3, but insoluble m

3. Add to tlie solution of KCN, FeCls, FeSO^, and

NaOH, till a precipitate is formed, and beat gently.

After the liquid is acidified witli HCl, the ferric oxide

dissolves, and a precipitate of " Prussian blue" remams

undissolved (3Fe[CN],4Fe[CN]3).

4. This precipitate, after being filtered and washed

with water, is removed to a test-tube, and treated with

NaOH. Fe(0H)3 is precipitated, and the solution con-

tains 4KCN.Fe(CN)2i after again acidifying with HCl,

however, Prussian blue is again thrown down.

XXXVIII. PLUMBIC ACETATE, Pl3(C2H302)2 + 3H,0.

1. When heated in a tube, water is given ofi"; then

HC2H3O2 volatilises. When a higher heat is applied,

only carbon and metallic lead remain behiaid.

2. If heated on charcoal, before the blowpipe, with

NagCOg, a malleable metallic bead is formed, and the

charcoal is coated with a yellow incrustation (PbO).

3. Heatinatube, with concentrated H0SO4; HC^HgOg

is liberated, which may be recognised by its smell, and

by its action on litmus-paper.

4. If some alcohol be added to crystals of the salt in a

test-tube, an equal volume of concentrated HoSO^ added,

and the mixture heated, acetic ether (C2H5Ü.C2H3O) is

evolved, which may be identified' by its pleasant fruity

odour.



SYSTEMATIC COÜESE OF ANALYSIS.

A.—PRELIMINARY EXAMINATION.

I. Heat some of the Substance in a Test-tube.

If a liquid, a poi-tion must be evaporated to dryness, arfd

siibmitted to the following tests :

—

1. Water is evolved, which has either an alkaline (NHg),
an acid (HCl, SOg, etc.), or a neutral reaction (water of
crystallisation).

2. Ä sublimate is formed : reddish-yellow drops solidi-

fying to a yellow-coloured mass on cooling (S). A lohite

sublimate may consist of ammonium salts, HgCl2, HggCl,,
AS2O3, Sb.^Og. A yellow sublimate may be HgIg, or As^Sg.
Black sublimate; HgS, which, when rubbed, assumes a
red tint. Metallic mirror, As ; small metallic globules,

Hg.
3. Evolution of gas. Oxygen; substances containing

HCIO3, and HNO3.—Some metallic oxides

—

Carbonic
oxide; oxalates.

—

Carbonic anhydride; carbonates (the gas
renders baryta-water turbid),

—

Ammonia; ammonium
salts.

—

Sulphurous anhydride; easily recognisable by its

smell, and acid reaction.

—

Hydric sulphide.—Cyanogen;
has a penetrating odour, and burns with a red flame.

—

Nitric peroxide (NOg) nitrates; reddish-coloured gas.

4. The sitbstance fuses; presence of alkaline salts.

5. The substance does not fuse, but changes colour.—The
substance, originally white, turns yellow, but on cooling

c
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reassiTmes its white colour; ZnO. The substance is wliite;

on being heated it turns dark yellow, and on again cool-

ing assumes a pale yellow colour; SnOg. White or light

yellow, when heated dark yellow ; on cooling, light yellow;

Bi203 (fusible). White or yellow, changing to dark

red when heated, and when cold again yellow; PbO
(fusible).

6. The substance carbonises ; presence of organic com-

pounds.

7. The substance remains unaltered; BaCOg, BaSO^, etc.

II. Heat the Substance before the Blowpipe on

Charcoal.

1. Deflagration; chlorates, nitrates.

2. The substance fuses, penetrates into the pores of the

charcoal, orforms a traiisjjarent glass ; salts of K, Na, Li,

or (NH4). The residue has an alkaline reaction; car-

bonates, nitrates.

3. The substance is infusible; compounds of the alkalme

earths, SiOg, ZnO, etc.
r^ tvt

4. The substance becomes incandescent; ZnO, MgO, CaO,

SrO. If a smell be observed, during the last two experi-

ments, AS2O3 (recognisable by its odour of garlic), SOg or

NH3 may be present.

5. Moisten the infusible residue, when cold, with solu-

tion of cobaltic nitrate, and ignite again. AloOg ;
dark blue

colour. MgO; pale flesh colour. BaO, SrO, and CaO;

grey colour. ZnO; yellowish -gi^een. SnOg; bluish-

green. SbgOg ;
dirty, dark-green colour.

III. Heat the Substance mixed with Nag CO3 before

the Blowpipe on Charcoal.

1. If a sulphide is formed (recognisable by its action

on a silver coin, see p. 10\ the presence of S may be

inferred
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2. Gray metallic 'powder, without incrustation ; Fe, Ni
or Co (magnetic).

3. Metallic head, icithout incrustation; red, Cu; tlie

flame has at the same time a gi-eenish colour. White,
Ag ; sometimes accompanied by a slight red incrusta-

tion, Sn; it is moi'e easily reduced if boi-ax, or, better, if

KCN be mixed with the ISTagCOg. If heated for a length
of time, the metallic beads are changed into yellow SnO<„
which is not volatile, and on cooling changes to a white
colour. Yellow; Au.

4. Metallic bead, with incrustation; I. The metallic

bead is ductile, the incrustation yellow; Pb. When the
deposit is heated in the reducing flame, it volatilises,

colouring the flame blue. II. The metallic bead is

brittle. A lohite volatile incrustation shows the probable
presence of Sb (riV/e XXVIII. 2). A j^ellow incrustation,

darkening in colour when heated, is produced by Bi. It

is lighter in colour than that of Pb, and volatile when
exposed to the reducing flame, to which it does not
impart a colour.

5. Incrustation without metallic head; white, very
volatile, with a smell of garlic. As

;
white, yellow while

hot. Zn; reddish-brown. Cd; most easily observed after

cooling.

IV. Colouration of the riame.

Heat a portion of the substance, moistened with HCl,
on a piece of platinum wire, in the outer flame of a
bunsen burner, or in the oxidising flame of the blowpipe

Yellow; Na (I. 2).

Red; Sr, Li, Ca (yellowish-red).

Green; Ba (yellowish-green), (Tl), Cu.
Blue; Cu Clg.

Violet; K (IV. 3).
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V. Colour of a Bead of Borax, or Microcosmic Salt

(PO^HNaNH^ + 4H2O ; when fused, POaONa).

Oxidising Flame. Reducing Flame.

Hot. Cold. Hot. Cold.

Green.

Bright green Cr
Ur
Cu

Cr
Ur

In sufficient

quantity

Cr
Ur
Fe

Cr
Ur

Blue.
Co Co

Cu Co Co

Yellow.

WTien much, is

present, opal

coloured Ag

Ur
Pb

Ag

If present in {

sufficient <

quantity (

Ti
Fe
Ni

Ti

Ni Ni

Red.
Bro^miisli-red Fe

Ni
BroAvnisli-red,

opaque Cu

Violet.
After addition

of tin-foil Ti

Gray
(reduced

metal).

After addi- (

tion of tin- <

foil
(

Ag
Pb

Ni

Ag
Pb

Bi
Ni

Insoluble. SiO^ SiOs jSiO,
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VI. Solution of the Substance.

1. The mhstancQ is solid, hut not » metal—Try if it is

soluble in water. If tlio substance is completely, or in

great part soluble, treat a larger quantity, 1 to 3 grammes,
in a similar manner, and investigate the aqueous solution.

If, on the contrary, the substance is insoluble, or soluble

with dilUculty, e-\'aporate a portion of the filtered fluid

on i>latinum-fbil, and notice if a residue is left on evapo-
ration, and if it is stable, volatile, or non-volatile. If the

residue is extremely small, the substance may be con-

sidered to be insoluble in water, and should bo tested in a
similar manner as to its solubility in dilute HCl. Notice if

during the action of HCl, CO.,, HoS, or liClST, is evolved.

If the substance does not dissolve in dilute HCl, even
on boiling, it must be treated with concentrated hydro-
chloric acid. (Evolution of CI betokens the px^esence of
higher oxides or Chromates). The insoluble in HCl must
be treated with HNO.^ in the same manner. Should there
still remain an insoluble residue, an attempt must be
made to dissolve it in a mixture of three volumes of
HCl, and one of HNO, (" aqua regia.")

For substances insoluble in acids, vide sec. 51, p. 54,

2. The substance is afluid.—Test the fluid with litmus-
paper. Evaporate a portion to dryness, and proceed to
test it as described in I., II., III., IV., and V.

3. Tlie substance is a metal.—It is treated with HNO.^

;

Au and Pt remain unaltered, and may be dissolved in
aq^ia regia. Sb and Sn (sometimes containing As) remain
as white oxides, insoluble both in water and in HNO.^.
It is filtei-ed otF, and, after being thoroughly washed, is

treated with HCl (sec. 49), or with NagS (sec. 50).
4. Endeavour to obtain as sti^ong solutions as possible.

A large excess of acid, especially of HNO3, is to be
avoided, but may be usually removed by evaporation.
Sometimes, howevei-, evaporation may lead to loss, as in
the instance of arsenic, existing as ASCI3, which volatilises
on evaporation.
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5. It is advisable to investigate the aqueous and the acid

sohitions separately; as in the former, alkalies, nitrates,

chlorates, and many sulphates are present, bvit no baric,

strontic, or calcic phosphates, which latter are soluble in

acids. Alkalies are seldom met with in the acid solution.

The solutions in HCl and HNO3, may be mixed, and the

precipitate, if one is formed, collected, and investigated by

itself.

B.—DETECTION OF BASES.

The solution of the substance, if aqueous, is acidified

with HCl ; if acid, it is diluted with HgO ; should a pre-

cipitate occur, no notice is taken of it. HgS is added to

the fluid; the resulting precipitate contains all metals of

groiips V. and VI.
To the filti-ate is added an excess of NHg, and a quantity

of (NH^)2S, sufficient to precipitate groups III. and IV.

A portion of the filtrate is tested for Ba, Sr, Ca, and
Mg, by means of NH3, and ]S!'a2HP04 (group II.)

General Behaviour of the Metals with Reagents.

Gives a precipitate in
aoid solution. The
precipitate is treated

with (NH4)2S.

Soluble

As
Sb
Sn

VI.

Insoluble

Hg
Ag
Pb
Bi
Cu
Cd

(NHJ.S

Precipitates in ain-

moniacal solution as

Hydrate Sulphide

Al Ni
Cr Co

Fe
Mn
Zn

Phosphates and
oxalates of Ba,
Sr, Ca, and Mg

(Ur)

IV. III.

NaoHPO^

Precipitates

NoPrecipitate

with the former
reagents.

Ba
Sr
Ca
Mg

II.

K
Na
(NHJ
Li

I.
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GROUP I.—ALKALIES, K, Na, (NHJ, (Li).

1. Tlie fluid, ill which H.ß and (NH4)..S failed to pro-

duce a precipitate, or froui" which the metals belonging

to groups III.-VI. are already removed, and provided

Ba, Sr, Ca, and Mg are absent, is evaporated to dryness,

and ignited to volatilise the salts of ammonium. Residue

:

K, Na, Li.

2. Heat a portion of the dry residue on the loop of a

platinum wire in the outer flame of a bunsen burner, or

on the blo^vpipe tlanie.

Yelloio colouration of the flame; Na. Apply the tests

given in I. 2 (p. 3).

Violet; K. In presence of Na, the violet colour is

apparent only when viewed through an indigo prism

(vide TV. 3, p. 5).

lied ; Li. The colouration which Li gives to the flame

is also observed in presence of much Na. It may be

identified most easily by means of the specti oscope. The

separation of Li from K and Na may be most easily

accomplished, by the solubility of LiCl in a mixture of

absolute alcohol and ether, in which KCl and NaCl do

not dissolve. A concentrated aqueous solution of a lithium

salt gives, when treated with (NH4).2C03, a white preci-

pitate of LioCOg.

3. Detection of Nlly—A portion of the original sub-

stance is treated with NaOH, and heated slightly. The

NHg may be recognised by its smell, by its alkaline

reaction on moistened test paper, and by its giving white

fumes when a rod, moistened with acetic acid or HCl, is

held near it.

GROUP II. Ba, Sr, Ca, Mg.

4. If, in a small portion of the fluid in which (NH j)2S

has failed to give a precipitate, or which has been filtered

oil from it, and which haa been treated as dii-ected iu



40 CHEMICAL ANALYSIS.

sec. 10, p. 41, a precipitate is formed on addition of NHg
and Na^HPO^, another portion of the same fluid is

treated with solution of calcic sulphate.

Immediate turbidity : Ba (compare sec. 10).

5. Add a solution of one part of (NH4)2S04 dissolved

in four parts water to the remainder of the Üuid, in which
the metals of groups I. and II. may be present. If a
precijütate is formed, acid excess of (NH^)2S04, and boil

for a short time. The precipitate consists of BaSO^ and
SrSO^ (sec. 6) ; in the filtrate Ca, Mg, and the alkalies

(sec. 7) ai-e present (comp. sec. 10).

6. inecipitate of BaS04 SrSO^ is filtered off,

and, after being thoroughly washed, boiled with a mixture

of K2CO3, and K2SO4 {vide XXXV. 5, and XXXVI. 5,

p. 31). It is then filtered, the precipitate carefully

washed, and treated on the filter with HCL SrCOg
dissolves with efiervescence, and its presence may be

confirmed with solution of CaSO^, or by the flame

colouration (vide XXXV. 4, 5, p. 31),

7. The filtrate from BaSO^, and SrSO^, or the fluid

in which (NIl4)oS04 pi-oduced no precipitate, is treated

with (NIl4)2C204. Precipitate : Ca. A part of the

filtrate from the CaC204, or of the fluid in which

(NH4)oC.,04 failed to produce a precipitate, is treated

with NH3, and Na2lIP04. Precipitate : Mg. If Mg
is not present, proceed with the remainder of the fluid,

as directed in sec. 1.

8. Magnesia is Present.—The solution from which

Ba, Sr, and Ca have been removed, and of which a small

portion has been taken in order to test for Mg, is evapor-

ated to dryness, and ignited to drive ofi" the salts of am-

monium. The residue is dissolved in water ; lime-water or

baryta-water, which contains no alkaline impurity, is

added till the liquid has an alkaline reaction; it is then

boiled and filtered ofi" from the mixture of MgO, and

excess of CaO. The jDrecipitate is washed, the filtrate

added to the washings, and concentrated by evaporation

;

the CaO, which still remains in solution, is removed by
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NH3 and (NH,)2C03 (or [NHJ.CoO,), or the BaO pre-

cipitated with HgSO^. The filtrate from this precipitate

is evaporated to dryness.

Detection of NH3: v'uU sec. 3. Eesidue : Na, K {vide

sec. 2).

GROUPS III. and IV.; Al, Cr, Ni, Co, Fe, Mn,Zn, (Ur).

9. To a portion of the solution, in which HgS failed to

produce a precipitate, or from which the V. and VI,

groups precipitated by that reagent have been removed

by filtration, NH3 is added till an alkaline reaction is

produced ; then (]SrHj)oS. If a precipitate is formed,

the remainder of the solution is treated in the same way.

Warm gently, filter off the precipitate, and wash it with

water containing (NH4)^S, in order to prevent the sul-

phides oxidising. If Ni be present, the filtrate is usually

dark brown and turbid from dissolved NiS.

10. Unite the filtrate with the washings, test for the

presence of Ba, Sr, Ca, and Mg, and treat it further, as

directed in sec. 5 or sec. 1, as the case may be. Since an

excess of (NIIj)2S may be prejudicial to the reactions for

detecting Ba or Sr, the filtrate from the precipitate ob-

tained by (NHj).,S ought to be evaporated to half its

original bulk, acidified with a little HCl, and boiled in

order to destroy any (NH4)2S203 which may possibly

have been formed, and the solution filtered. To a portion

of the filtrate a solution of CaSO^ is added for the detec-

tion of Ba and Sr. (Turbidity after some time, sec. 4).

The rest of the filtrate is rendered alkaline with NH3,
(NH4)2S04 added, and treated as described in sec. 5 for

the separation of Ba and Sr.

11. The precipitate of groups III. and IV. is well

washed, removed from the filter Ijy help of a spatula, and
placed in a flask. Dilute HCl is then added, and a
gentle heat applied. If a black insoluble residue re-

mains, Co and Ni (sec. 12) are present. If the insoluble
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bs wJdte, and in small quantity, it is suljyliur. It is

filtered off, and investigated as described in sec. 13.

12. Separation of Co and Ni.—Part of the precipitate,

which must have been well washed, is heated in a bead
of borax or microcosniic salt before the blowpipe (XX. 3,

p. 21), The i-est of the black sulphides is dissolved

in concenti-ated HISTOg ; the solution concentrated by
evaporation, and neutralised with Na^COg. An excess

of KNOg is added, the fluid acidified with a few drops of

HC2H3O2, and allowed to stand for twenty-four hours.

The yellow precipitate of Co (XX. 4, p. 21) is filtered

off ; the filtrate treated again with KNOg to ensure the

removal of all Co, and the Ni finally pi^ecipitated with
NaOH as Ni (0H)2 (p. 20).

Nickel may be detected in presence of cobalt by dis-

solving the mixed sulphides in concentrated HNO3, and
neutralising with NagCOgj KCN is then added till the
resulting precipitate has dissolved, and NaClO till the

fluid smells strongly of it, even after being shaken. It

is then boiled. Black precipitate
;
NigOg.

13. The solution of the remainder of the metals of

groups III. and IV. in HCl, is boiled till all traces of

HgS are removed; and if iron be present (its presence

is betrayed by the black colour of the precipitate by
[NH^JoS), it must be oxidised by being boiled with
IINOg, or HClOg. The further process depends on the

presence or absence of Cr. If Cr be present, the hydro-
chloric acid solution (sec, 11) has a violet or green coloui\

Chromium will also have been detected in the preliminary

examination, from the colour of the borax bead.

Chromium is Absent.

14. Tim precipitate with (NH^)^8 had a light colour:

Al, Mn, Zn ; Fe is absent. To the solution in HCl (sec.

1 3) NaOH is added in excess. Precipitate Mn. Examine
the precipitate before the blowi:)ipe, as directed in XVII.
9, p. I'J. The filtrate from Mu(0H)2 is divided into two
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portions. The one is acidified with HCl, and excess of

NHg added. Precipitate: Al. H^S is added to the

other portion. Precipitate Zn.

15. The precipitate tvith (NllJ.ß ivas darh-coloured.

Iron is present.

Proceed as directed in sec. 25, or add to the solution

in HCl (sec. 13) Na.^COg till a permanent precipitate is

produced; dissolve it in a small quantity of HCgHgOg-
Some NaCoH302 is then added, and it is boiled till the

supernatant fluid is colourless. If it has a brown, or

yellow colour, either NaC.^HgOg has not been added in

suthcient quantity, or it has not been long enough boiled.

16. Precipitate; Al, Fe (sec. 16); Filtrate Mn, Zn (sec.

17). The precipitate of Al and Fe, after being washed,

is dissolved in HCl; an excess of NaOH is then added,

and the fluid boiled.

Precipitate; Fe. Confirm by the tests given in XYI.
9, 10, p. 18. The filtrate from the precipitate of Fe(0H)3
is acidified with HCl, and the A1(0H)3 precipitated by
adding excess of NHg.

1 7. The filtrate, which contains Mn and Zn, is treated

with H>,S. Precipitate, Zn.

The filtrate from ZnS, which must contain an excess

of H.^S, is rendei^ed alkaline by NHg, and some (!NH^)2S

added. Flesh-coloured precipitate; Mn.

Chromium is Present.

The original solution has a green or violet colour, pro-

vided a chromic salt is present, and yellow or red if a

Chromate be present.

18. The solution in HCl (sec. 13), which has been heated

with KCIO3, or with HNO3, must be carefully neutra-

lised with NagCOg, care being taken that no permanent
precipitate be formed; when the fluid is thoroughly/ cold,

add some BaCOg, kept in suspension by water, without

heating. Shake the fluid, let it stand for some time in

the coldj and filter as soon as the aupernatant fluid be-

'
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comes colourless. The precipitate may contain Al, Fe, Cr
(sec. 19); the filtrate Mn, Zn (sec. 23).

19. The precipitate, after being well washed, is dissolved

in HCl, and the excess of BaCOg neutralised with HgSO^.
The liquid is boiled, and filtered; NH3 is added to the

filtrate: Precipitate: FcgOg, Cr203, AI2Ö3. This precipi-

tate is filtered off", -washed, removed from the filter, and
dissolved in a small quantity of HNO3 in a basin. Some
solid KCIO3 is added to the solution, which is boiled for

a few minutes, more being added, if necessary, till it

assumes a yellowish-red colour. Excess of NaOH is now
added, and the fluid is heated. Precipitate: Fe (sec. 20).

Filtrate: Cr, AI (sec. 21, 22).

20. Fe. The precipitate of FogOg* is filtered ofi^ and
tested, as in sec. 16.

21. AI. The alkaline filtrate from FcgOg is acidified

with HlSTOg, and precipitated with NH3; AI2O3. To con-

firm aluminum, ignite the precipitate of AlgÖg moistened
with a few di-ops of Co(N03)2 on charcoal, before the

blowpipe, as directed in II. 5, p. 34.

22. Cr. The filtrate, on removal of the precipitate of

AlgOg, is yellow, o^ving to the jiresence of CrOg. It

is acidified with HCgHgOg, and precipitated with
Pb(C2H302)2, as yellow PbCrO^.

23. Mn and Zn. The filtrate from the precipitate formed
by BaC03 (sec. 18) is freed from the dissolved baryta by
adding HgSO^, and Mn and Zn precipitated by adding
NaOH to the boiling solution. A portion of the pi-eci-

pitate is tested for Mn by means of KNO3 and NagCOg

* In all the above-given methods of separation uranium remains
always with the iron, and is always precipitated as UroO, when
the Fe is precipitated as Fe^Og. In order to separate Ur from Fe,

the mixture of both is dissolved in HCl, exactly neutralised Avitli

NH3, and the Fe precipitated by a mixture of (NH4)„S, and
(NHJi^^Os, as FeS. The filtrate is acidified with HCl,' boiled,

and oxidised with HNOg. The Ur„Os is i3recij)itated on addition

ofNHs.
Confirm it by the blowpipe reactions, p. 36, or by solution in

HCl, and addition of 4KC!N, FcCN ; reddish-brown precipitate.
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(XYII. 9, p. 19). The remainder of tlie precipitate ig

dissolved in HC0H3O0, and H.S passed through the

solution. Precipitate rZnS. The filtrate is tested for

Mn, as in sec. 17. ,

24. FeO, and Fe.^Oy As Fe is always precipitated a3

Fe203, in following the usual coiu-se of qualitative analysis,

it is necessary, in testing for FeO, to use a portion of the

original substance. Some SKCN.FeCNg is added to

the acid solution of the original substance. If FeO

be present, a blue precipitate will be thrown down

—

3FeCNo.2FeCN3 (Turnbull's blue). Fe^Og is identified

as in XVI. 9, lO.—These reactions are, of course, only

practicable when substances, such as ferro, or ferrid-

cyanides, or sulphocyanides, which would interfere with

the reaction, are absent. In presence of HNOg, or of

HCl when the higher metallic oxides are present, or of

CrO,, etc., FeO is oxidised into FcgO,.

25. If it is wished to separate" tlae metals of groups

III. and IV., in absence of Gr. (sec. 18), proceed with

the filtrate as directed in sec. 2.3 for the separation of

Mn and Zn. The precipitate of FcgOg, AI2O3, and excess

of BaCOg is dissolved in HCl, as in sec. 19, the excess of

BaClo, removed by adding HgSO^, and excess of NaOH
addeci to the filtrate. The presence of Fe and Al are

confirmed as given in sec. 20, 21.

Baric, Strontic, Calcic, or Magnesic Oxalates or

Phosphates are present.

26. HoC.,0,j. Part of the precipitate produced by

(NH IS boiled for some time with an excess of Na^COg,

and is filtered while boiling, acidified with HC2H3O2, and

CaClo added. Precipitate : CaCoO^.

if.Tf H^Cp^ he present, dry the remainder of the pre-

cipitate produced by (NH2)2S, and ignite it in a covered

porcelain crucible till the oxalic acid is desti^oyed. The

residue is dissolved in HCl, an excess of NHg added

and reprecipitated with (NH^)^^. The bases which were
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formerly united to HgCgO^ remain in solution; they can
be tested for in the filtrate, as in sec. 4. If HgCgO^ be
absent, proceed with the rest of the (NH4)2S precij)itate

as dh-ected in sec. 28.

28. The precipitate produced by (NH^)2S, now freed

from oxalic acid, is digested with HCl (sec. 11). A black
residue points to the presence of Ni and Co (sec. 12);
the solution is treated with HNO, or HClOg in order to

oxidise the Fe which may be present; in a small portion

Ee, and HgPO^ are tested for as in sec. 29, 30.

29. Fe may be tested for with KCNS, or 4KCN.FeC]2.
30. H3PO4. Some of the solution in HCl of the pre-

cipitate produced by (NH^)2S, is boiled to get rid of

excess of HgS; it is then added, drop by drop, to a solu-

tion of ammonic molybdate, previously acidified with
HNO3. Yellow precipitate, H3PO4 (sec. 59).

31. The remainder of the acid solution of the (NH4)2S
precipitate is carefully neutralised with ]S'a2C03 (if excess

be added, the precipitate must be redissolved in a small

quantity of HC2H3O2) and NaCgHgOg added. If the fluid

does not become red, FeClg must be added. It is boiled

till the supernatant fluid is perfectly colourless; filtered

while boiling, and well washed. The precipitate may con-

sist of Fe, AI, Cr, H3PO4, (sec. 32). The filtrate contains

Mn, Zn, and Ba, Sr, Ca, or Mg, formerly existing as

phosphates* (sec. 34).

32. AlgOg. The precipitate of Al, Cr, Fe, HgPO^, after

being filtered and washed, is boiled with excess of NaOH,
and AI2O3 tested for in the filtrate by addition of HCl,
and NHg, as in sec. 16.

* If the substance contains Al^Og, and a pliospliate, AIPO4
may have been formed, in precipitating wdth (NH^joS, which
would not be acted on by FeCla, as in sec. 31. On treating the
precipitate with NaOH (sec. 32) A1(0H)3 would not be dissolved,
but AIPO4, which would be again precipitated, on addition of
PICl and NH3. In order to test for H3PO4, the precipitate pro-
duced in the NaOH solution by NH3 and HCl, must be dissolved
in H2C4H4O6, an excess of NH„ NH^Cl, and MgS04 added.
Precipitate, Mg(NHJP04.
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33. H3PO4 and Cr. The insoluble in NaOH (sec. 31)

is dissolved in HCl, neutralised with NH3, excess of

(NHJoS added, and filtered. To precipitate HsPO^,
NH^Cl, NH3, and MgSO^ are added to the filtrate.—To
prove the presence of Cr in the black precipitate of FeS,

the latter, after being dried, is fused with a mixture of

NaoCOg, and KNOg or KCIO3, in a porcelain crucible.

The melted mass is dissolved in water, filtered, and the

chromic acid precipitated in the filtrate by addition of

Pb(C.^H30o)2, as PbCrO^.—Or proceed as directed in

sec. 10.

34. Mn, Zn, Ba, Sr, Ca, Mg. The filtrate from the

precipitate with FeClg and HCHgOg is treated with

NH3, NII^Cl, and (NH4)oS. Precipitate : ZnS and
MnS. This precipitate is dissolved in HCl, and investi-

gated as in sec. 14. In the filtrate from ZnS, and

MnS, the presence of Ba, Sr, Ca, and Mg is proved as

in sec. 4.

35. Additional Remarks.— Cr and H3PO4. In se-

parating phosphoric acid from Ba, Sr, Ca, and Mg,
as in sec. 31, the chromium is sometimes not thoroughly

precipitated, and a coloured filtrate is obtained. The
separation by means of BaCOg is more exact, but of

course the presence of Ba must be tested for. After

it has been ascei'tained, as in sec. 29, 30, that Fe and
H3PO4 are present in the HCl solution of the (NH^)2S
precipitate, (NH^)2S04 is added to another portion of

the solution. The precipitate of BaSO^ and SrSO^ is

investigated as in sec. 6. (Or Ba and Sr may be tested

for with lime-water.) To the remainder of the solu-

tion add FeClg in case iron be not present in sulFicient

quantity, till a drop of the solution gives a yellow pre-

cipitate when NHg is added. The liquid is now evapora-

ted nearly to dryness, the residue dissolved in Hg^»
excess of acid nearly neutralised with NagCOg, and
BaCOg added ; the mixture is shaken, and allowed to

stand in the cold. The precipitate is dissolved in HCl,
the Ba removed by HgSO^ and NHg added. Precipitate,
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AI2O3, CrgOg, FegOg, and H3PO4. The filtrate from tlio

precipitate with BaCOg is treated with HgSO^, to pre-

cipitate the barium in solution, and proceeded with as

in sec. 34.

GROUPS V. and VI.'

36. The solution of the substance if aqueovis is acidified

with HCl ; if acid, diluted with water, and without pay-

ing regard to the precipitate* which may have been
formed, a solution of HgS is added. If a precipitate falls,

the fluid must be gently warmed, and HgS passed through

till it smells of it even after being shaken, and a portion

filtered does not give a precipitate.

If the solution of substance contains too much free

HNO3, only a flocky yellow precipitate of sulphur is

formed on treating with HgS ; nitrous fumes are also

evolved. The acid must be expelled by evaporation, and
the solution sufficiently diluted.

All the sidjyhides of metals belonging to groups V. and
VI. are coloured.—If a white precipitate fall or only a
milky turbidity of S, it may be concluded that groups V.

and VI. are absent ; also that no CrgOg, or FcgOg is

present. If the chromium be contained in the solution,

the reddish-yellow colour is changed to violet or green.

Take no further notice of the precipitate of S, but satu-

rate the fluid, without submitting it to filtration, with

' * On adding water to an add solution, basic bismuth and
antimony salts are thrown down.—HCl precipitates AgCl,
PbClj, and Hg^Clo.—HCl added to an alkaline solution may
precipitate AgCl, PbClo, AsjSs, SnSj {e.g., PbO dissolved in

NaOH; ammoniacal solution of AgCl, AsjSg, etc.); and if to

the aqueous solution of NajSbS^ (Sodic-sulphantimoniate)

SbjSs is thrown down, with simultaneous evolution of HjS.
Added to solutions of the double cyanides, HCl precipitates in-

soluble cyanides, with evolution of HCN. These precipitates

might be filtered off, and investigated alone ; but as they are

changed into sulphides, that treatment with H„S is unnecessary.

HCl produces a precipitate of silica when added to alkaline sili-

cates. For analysis of silicates, see sec. 62.—Cyanides are to be
treated as given in sec. 87.
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NH3, and test for metals of groups III. and IV. with

(NH,),S.

37. The precipitate of the sulphides is filtered off,

washed, and a small portion gently warmed in a test-

tube, with (NH^)oS. If a residue remain (group V.), it

is filtered off, and excess of HCl added to the filtrate. If

a coloured precipitate be produced, metals belonging to

gi-oup VI. are present (sec. 43), and the whole precipitate

must be treated in the same manner. If, however, the
precipitiite be pure white (S), metals of the sixth group
are not present, and the i-emainder of the H.,S pi'ecipi-

tate may be treated at once with HNO3 as given in

sec. 38.

Group v.—Hg, A^, Pb, Bi, Cu, Cd.

38. Tlie portion of the precipitate, formed by II2S,

which remained insoluble, after being digested with
(NIIj),,S, is washed with (NII^)2S water, and boiled
with dilute HNO,. Eesidue : HgS (sec. 39): filtrate

(sec. 40).

39. Hg. If the residue is heavy and black, it pro-
bably consists of HgS; if white or yellow, it is merely
sulphur, produced by the oxidation of the sulphides. If
the precipitate by H.^S has not been treated with a suflfi-

cient quantity of (NII^)^S, if Hg^O was present, Hg^S
remains behind, which is only partially soluble in HNÖ3,
and is partly changed into white or grey Hg (^03)2-
2HgS. In order to test for Hg in this residue, it is

ignited with dry sodic carbonate (XXV. 11). A similar
precipitate may be formed, in presence of HgO, if not
enough of llß has been added in precipitation, and too
small a quantity used of (NH^)2S in washing.

To confirm the presence of Hg in the black residue,
it is dried and heated with NaCOg in a small tube.
It may also be confirmed by boiling with IINO3 ^i^l oi^lj
a small residue of S remains. The acid solution is

then neutralised with NaOH, and a solution of KI
D
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added. Red precipitate: Hglg.—Or the HgS may be

oxidised with a mixture of HCl and a small quantity of

KCIO3 ; the excess of acid removed by evaporation, and

a few drops of SnClg added. Precipitate of HgoClg.

Additional Remark.—HggO and HgO. If the original

substance gives, on addition of HCl, a white precipitate

(Hg^^Clg) turning black on being treated with NaOH, a

mercurous salt is present. If a mercuric salt be also

present, it may be recognised in the filtrate from Hg._,Cl2,

by forming a further precipitate of Hg2Cl2, on addition

of SnClg. It must be noticed that, by dissolving in

HNO3, or in presence of reducing agents, mercurous

(HggO) are changed to mercuric salts (HgO).

40. Pb and Ag. The nitric acid solution of the re-

maining metals is treated with dilute HgSO^.—Precipi-

tate, PbSO^. This precipitate gives a metallic bead on

charcoal before the blowpipe; it is soluble in ammonic
tartrate, from which it may be again precipitated by

KgCrgOy.—Add some HCl to the filtrate from the PbSO^.

Precipitate, AgCl. The precipitate must be easily soluble

in NHg; and, on addition of HNO3, must be again

thrown do^vn.

41. To the filtrate from AgCl, excess of NH3 is added.

Precipitate : Bi. Dissolve the precipitate, after Avashing

it well in a small quantity of strong HCl, and add some

water. Precipitate: BiOCl.

42. Cu and Cd. If the filtrate from the Bi(0H)3 has a

blue colour, Cu is present. To detect Cd, H2S is passed

through the fluid, and the precipitate, after being well

washed, is boiled in Aveak HgSO^ (one part HgSO^ to

five parts HoO), Avith addition of a small quantity of Hß
Avater. Residue : CuS ; solution Cd. Test for Cd in the

filtrate Avith Hß. Another method.—Add KCN to the

ammoniacal solution of Cu and Cd, till it becomes colour-

less; and add Hß. YelloAv precipitate, CdS (CuS is

soluble in KCN)." Confirm the Cd before the bloAvpipe

(XXIV. 1). If Cu be absent, Cd is tested for at once

Avith (NHJ2S.
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Group VI—As, Sb, Sn.

43. HCl is added to the solution of tho metals of
group VI. in (NHj).,S till it has an acid reaction. If
they are absent, a white milky turbidity, ])roduced by
the decomposition yelloio (NHJ^S, will bo formed; but
if present, a coloured precipitate is thrown down; the
solution, in the latter case, is slightly warmed, filtered,

and well washed. The mixture of the sulphides is heated
gently with concentrated HCl. Yellow residue: As
(sec. 44). Filtrate: Sn and Sb (sec. 47).

44. As. The yellow AsgSj;* is dissolved in HCl, some
KCIO3 being added ; excess of NH.^ is added to the solu-

tion, and then NH^Cl, and MgSO^. Precipitate:

MgNH^AsO^. In order to confirm this, filter off a
part of the precipitate, and treat it, after having washed
it, with a solution of AgNOg. It assumes a reddish-
brown colour : Ag^AsO^. The remainder of the precipi-

tate is ignited with KCN, and ISTagCOg (sec. 45).

45. The presence ofAsf may also be confirmed, by heat-
ing tho dry As^S^ mixed with about six times its weiglit

of equal parts of dry Na.^COg and KCN, in a glass tube.

It is warmed gently at first to expel any moisture which
may be present, which is removed from the sides of the
tube, where it has condensed, by filter paper, and then
heated more strongly. Black metallic deposit : ,As. If
the tube be cut ofi", and heated, while held in an inclined
position, the smell of garlic juay be distinctly observed.
MgNH^AsO^ may be reduced in the same manner.

* As is always precipitated by HoS from acid sohitions, as
AsjSj (XXIV. 10). But when treated with yellow (NHJ.,S, it
is convei'ted into AsjSg.

t When AS2S5 is treated with KCjST and NaaCOj, tlie whole
of the As is not liberated in the metallic state ; for a potassic
arsenic sulphide is formed, on which the excess of KCN is with-
out action. If, as is usually tlie case, free 8 be j)resent, still
less As is reduced. The arsenic sulphide should, in tliis case,
be dissolved by treating with NH3; the S remains insoluble.
The ammoiiiacal solution is evaporated to dryness, and the
residue ignited with KCN and NajCOg.
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46. Additional Eemarh.—k^O^ and ASgOg. Only

the alkali-salts of these acids are soluble m water
;

all

other salts, dissolve oaly in acids. As^Og may be dis-

tincruished from As.O^ by its behaviour when treated

with H,S (XXIX. 7, 10) ;
only As^O^ gives a precipitate

with NH.Cl, and MgSO^
;

^he r^^fA°^\

treated with AgNOg is also diÜcrent (XXIX.^
Vtt

Both argentic arsenite and arseniate are soluble m JSIH3,

but onlv the solution of argentic arsenite deposits metal-

lic silver when boiled.—A solution of As^Og in excess

of NaOH, when treated with CuSO^, gives a blue solu-

tion, from which a red precipitate of CugO is thrown

down on boiling. (AsA + ^NaOH + 4CuO = 2Cu,0

+ m^x^AsO^ + 3H2O). It differs on this account from

As 0 .

Ijf Sn and Sb.—The acid solution is diluted (if much

free acid be present, it must be nearly neutralised with

NaOH), and a piece of metallic zinc added. If a small por-

tion of the fluid be reduced with Zn on a platinum lid, the

latter becomes covered with a black stain of metallic Sb.

(XXVIII. 9). If the reduction is complete, the excess

of Zn is removed, the solution of ZnCl.^ poured off, the

deposit washed by decantation, and finally treated with

HCl. Pvesidue : Sb ;
Solution—Sn. The presence of Sn

in the solution is confirmed with HgClo (XXV. 10), or

with H2S (brown precipitate, SnS, XXVII. 7) ;
if the

former of these tests be employed, some HoSO^ must fiisb

be added, to remove any Pb which may have been j^re-

sent in the Zn. The residue of Sb is dissolved m HNO3,

HCl added to the solution, and the fluid diluted ;
SbUCi

is precipitated, which is soluble in H.C.H^Oc and pre-

cipitable from the solution by H.,S ;
the residue may also

be confirmed by passing HgS through the nitric acid

solution ; but the presence of Pb renders the action in-

distinct.
, , „

48. Oxides of Sn and Sb.—A solution of a stannous

salt may be recognised by its behaviour, when treated

with I-I'-CL; SnOa may be precipitated from a weak
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acid solution, wlien jwnrecl into a saturated sohition of

Na^SOj (SnO.,). A solution of Sb^O^, when boiled witli

KI and HCl, liberates free iodine. (Sb.^Or, + 4KI +
lOHCl - 4T + 4KC1 + 2SbCl3 + 5K,0). AgNOg, added
to a solution of Sb.,0.5 in NaOH gives a black pre-

cipitate of a niLxturc of Ag^O and Ag.,0. If NH3 be
added, Ag.,0 dissolves, and a deep black residue of

Ag,0 remains. (Sb.,03 + SAgNO., + 8NaOH - 2Ag.O +
Sb,05 + SNaNOg + 4H2O).

Second Process for Separating As, Sb, Sn.

49. The mixture of sulphides YI. (sec. 43) is heated
vnth. concentrated HCl, to which some KCIO3 has been
added ; at lirst gently, then more strongly, till nothing
but S remains undissolved. The solution is filtered,

excess of pretty concentrated NaOH is added, and then
a quantity of alcohol, equal in volume to a fifth of the

solution. Precipitate : NaSbOo. Confirm before the
blowpipe with Na^COg ; or by dissolving in HCl, and
depositing the Sb on platinum with Zn. The filti'ote is

evaporated till the alcohol is removed; it is then acidified

with H2C^H^0^, to prevent the precipitation of SnOo, and
excess of NH3 added. The As is now precipitated as

MgXH^AsO^ by addition of NH.^C1, NHg, and MgSO^.
(Confirm as in sec. 44). The filtrate from the ammonio-
magnesic-arseniate is acidified with HCl, and HoS added.

Precipitate : Sn. Confirm by igniting the precipitate in
the oxidising flame, and afterwards reducing the resulting

SnO^ Avith Na^COj on charcoal before the blowpipe.

Third Method of Separation of As, Sb, and Sn.

50. The sulphides VI. (sec. 43) are dissolved in Na^S
(prepared by adding an excess of H2S to a solution of
NaOH, and then adding an equal volume of the same
solution of NaOH), an excess of SO^ added, and the solu-

tion heated gently at first, and then boiled till all excess
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of SO2 is exj^elled. Precipitate : Sn and Sb ; solution : As.

—(As,S3 + 3Na.-jS + öSg - 2NaAs02 + 2Na2S203 + S^).

The residue of the sulphides of Sn and Sb is dissolved in

HCl, and Sn separated from Sb, as in sec. 47, or sec. 49.

In the filtrate, As is precipitated as AsgSg on addition of

Analysis of Compounds Insoluble in Water
and Acids.

51. To this class belong, 1st, BaS04, SrSO^, CaSO^,

PbSO^;—2nd, AgCl, AgBr, Agl, PbCl2;— 3rd, Oxides

which have been ignited, such as Cr^O^, Fe.,Oo, Al.^Og,

SnOa, etc.;—4th, CaFl2;—5th, C, Sj—6th, Silicates.
"

52. If the substance be insoluble and black, it should

be ignited on platinum foil in the oxidising flame of the

Vdowpipe. If C be present it is oxidised, and the residue

becomes white. At the same time S, if it be piesent,

may be discovered by the odour of SOgj it may also be

recognised by its subliming in brown drops when heated

in a glass tube (I. 2).

53. A portion of the substance, after C and S have

been removed, is treated with (NH4)2S. If it becomes

black, Pb or Ag are present, and may be confirmed by
the blo^^'pipe tests. SnO^, Cr20g, SO3, Si02 may also be

discovered by the blowpipe—CaFlg, vide sec. 64, p. 59.

Analysis of silicates, vide sec. 82, p. 63.

54. If Pb and Ag be absent, the insoluble substance

is fused with four times its weight of NagCOg in a plati-

num crucible, with the foot-blowpipe, till the mass becomes

fluid. On treating with water, the acids dissolve and the

bases remain behind (BaO, SrO, etc.); they are carefully

washed out with water, dissolved in HCl, and separated

as usual. If chromium be present, as soon as the mixture

is fluid, KCIO3 is added in small portions at a time, or

the mixture may be fused with equal parts of Na^COg,

and KNO3 in a porcelain crucible, for ten minutes, taking

care not to use too great heat. In the aqueous solution
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of the fiisetl mass, the CrOg may be recognised by acidi-
fying with HC.H.,0.„ and precipitation with T^hiC^iL^O.^),,.
Ignited Al^Og and i\0.. are sohible by continued heai
ing with a mixture of equal volumes of concentrated
HoSO^ and H^,0.—Ignited SnOg is not altered by fusion
with Na.jCOg. It must be fused with six times its weight
of a mixture of equal pai-ts of Na^COg and S in a porce-
lain crucible. The fused mass is dissolved in water and
SnS^ precipitated on addition of HCl, which is further
investigated as in sec. 43.

55. A(/ and Pb arej^resent.—a. The substance is repeat-
edly boiled with a concentrated solution of NH ,(C .HgO.)
which extracts PbSO^ and PbClg. The Pb may'be re-
cognised in the filti-ato by Kß; the CI, by AgNOa; t^ie

H.,SO^ by means of BaClg. The residue, insoluble in
NH^(CoH302) is treated with NHg by which AgCl is

extracted; its presence in the filtrate may be confirmed
by addition of HNOg. AgBr, and Agl are, however,
almost insoluble in NH^; the solution is therefore treated
with an aqueous solution of KCN. By acidulating the
solution in KCN with HNO3, the dissolved Ag is preci-
pitated. The united precipitate of AgCl, AgBr, and Agl
is fused in a porcelain crucible with NagCOo, and in the
aqueous extract, CI, Br, and I are tested for. It may,
instead, be treated with Zn, and very dilute H„SO.
(sec. 63). ^ *

The residue, from which Ag and Pb have been removed,
is investigated as in sec. 54.

56. b. The substance, insoluble in acids, is treated with
NaHCOg (were Na^COg used, some Pb would be dis-
solved), and allowed to stand for some hours in the cold.
It is then filtered, washed with cold water, and HCl, and

tested for in the filtrate as usual. The residue
is treated with dilute HNO^, when Pb, Ca, and Sr are
dissolved, while BaSOj, AgCl, AgBr, and Agl are left
insoluble. The insoluble residue is fused with Na^Cog in
a porcelain crucible, and the fused mass treated repeatedly
with water; H^SO^, HCl, IIBr, and HI are cUssolved,
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while BaCOg and AgCl remain behind, and may he
separated by HCl. The presence of BaSO^ may also be
recognised in the original mixture, by repeated boiling

with fresh portions of Na^COg (XXXVI. 3, p. 31); or
the silver salts may be extracted with KCN and the
residue of BaSO^ decomposed with Na^COj.

C—DETECTION OF ACIDS.

57. The following substances are soluble in water

:

—
1. All salts of the following acids; HNOg, HCIO^,

HNO, H2SO4 (except BaSO^, SrSO^, CaSO^, PbSOJ, HCl
(except AgCl, HgoClg, PbCl.,), HBr (except AgBr,
Hg^Br^), HI (except" Agl, Hgi; Hg2l2, Cu^I^), HCHOg
(formic acid), HCgHsOg.

2. The alkali- salts of the following anhydrides :

—

COo, Cr^Og, As^Os, ^20.5, SOg, SiO^, BOgOg ; and of the acid

HgCgO^. All other salts, with the excej^tion of silicates,

are soluble in acids.

3. The siclphides and cyanides of the alkalies.

COo, HgS, SOg, ASoOg, AS2O5, and CrOg may be discovered
in the usual course of analysis

; CO,, HgS, SOg are evolved
as gases, on treating their salts with HCl. CO, renders
lime water turbid; H2S blackens paper moistened with a
solution of Pb(C2H302); and SOg has the same effect on
paper, which has been dipped into a sohition of Kg2(N03)2.

Detection of HCl, HNO3, H2SO4, H3PO,.

58. H2SO4. The aqueous solution of the substance is

acidified with HCl, and BaCl^ added. If the solution is

acid already, no more need be added. White precipitate

;

BaSO^. If Pb, Ag, or Hg^O be present, the solution

must be acidified with HNOg, and Ba(N03)2 3'<^<ie<l-

HCl. The aqueous solution is acidified with HNO3,
and AgN03 added. The white, ciuxly precipitate must
be completely soluble in NH3.

HNO3. A few drops of a solution of FeSO^ are mixed



DETECTION OP OTHER ACIDS. 57

with concentrated HgSO^; the mixture is thoroughly
cooled, and the aqueous sokition of the substance poured
on to the top of the denser fluid. Reddish-brown ring

at the point of contact: HNO3 {vide IV. 6, p. 11).

HgPO^. As HgPO^ is not to be distinguished from
HgAsO^ by the following tests, if present, the latter must
be removed hj means of H.,S.

59. a. A substance, soluble in water, can contain only
alkali-salts of HgPO^. To the aqueous solution, NH^Cl,
NII3, and MgSO^ are added. Precipitate : Mg(NH4)P04.—If the solution contain COg, it must first be removed
by HCl, else MgCO, might be precipitated. The acidi-

fied solution is boiled, and treated as before.

h. If the substance be soluble only in acids, NII3 is

added to the solution till a precipitate is formed. It
is dissolved in a small quantity of HC^HgOg, some
NaC.HgO^ is added, and then one drop of PeClg. Yel-
lowish-white, gelatinous precipitate : I'^ePO^.

Another method:—The solution of the substance

—

best in HNO3—is treated as in sec. 30, p. 46. The pre-
cipitate of ammonic phospho-molybdanate is dissolved in
NH3, NH^Cl and MgS04 added, and the phosphoric
acid precipitated as Mg(NH4)P04. The precipitate of
Mg(NH^)P04 should, when filtered off, acquire a yellow
colour, when treated with AgN03(Ag3PO^).

Detection of Other Acids.

60. Some of the solid substance in' a test-tube is

moistened with concentrated H2S0,j. If an immediate
reaction is not observed, heat gently.

1. Colourless gas escapes: HCl, HNO3, ^Og, HgS, SOg
(from sulphites and hypo-sulphites), HPl (the vapours
attack the glass), CO (by decomposition of cyanides or
organic acids).

2. Gas xohich has a colour escapes: Brownish-yellow:
Br;—red: HNO^ violet : Ij—greenish-yellow: HCIO
and HCIO3.
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3. Acids lohich are not volatile: HqPO,, SiOo, BooO,
{vide VIII. 6, p. 13).

4. The substance turns hlach : Organic acids.

61. HI and HBr. In ordei^ to detect I, the aqueous
solution of the substance is acidified with H^SO^, some
boiled starch, and a drop of NOg are added. If iodine be
present, the solution assumes a blue colour. Instead of

using starch, some CSg, or benzole, may be added, and
the mixture, after addition of KNOg, well shaken. If

the CSg, or benzole, have, on settling, a rose colour, I is

present.—To detect Br, CSg is added to the solution, and
then chlorine water, or solution of NaClO drop by drop.

Shake after each addition of chlorine, and notice if the

CS2 has a yellow colour; if such be the case Br is

present. If iodine be present at the same time, the

rose colour is first seen. Chlorine water is added till

the rose colour disappears. If a drop more be added,
the yellow colour, produced by bromine, will become
apparent.

62. CI, Br, and I.—I and Br are first tested for as in

sec. 61. In order to test for CI, the solution, which must
only contain alkaline metals (if others be present, they
mvist be removed by boiling, or fusing with excess of

NagCOg) is treated with NagCOg, and l^^Qv^O^, evapo-
rated to dryness, and the residue fused in a porcelain

crucible. If iodine be present, the vapours will here escape.

The melted mass is poured out, broken into small pieces,

and heated in a small retort wdth an excess of very
concentrated HgSO^. Reddish-brown drops distil over
(CrOgClg, as well as Br and I). Water is carefully added,
and the solution tested for Cr, by boiling with alcohol,

and precipitating with NHg (XV. 9, 11, p. 17). If Cr
is foimd, CI was present in the original substance.

63. AgCl, AgBr, Agl.— AgBr has a light yellow
colour, and is but slightly soluble in NHg; Agl is yellow
and almost insoluble in NHg. If a solution, containing
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CI, Br, and I, be treated with excess of AgNOg, NHg
added to the precipitate, dissolves only AgCl, with a
small quantity of AgBr. The ammoniacal solution, when
treated with HNO^ gives a precipitate of AgCl, with
w^hich a little AgBr is mixed. When Agl is treated

with NH3 it gi'ows white, on account of the absoiption

of NHg.
To recognise AgCl, AgBr, or Agl, in presence of each

other, the mixture, previously fused, is moistened with
dilate HoSO^, and a small piece of Zn laid on the top.

It is allowed to stand for 24 hours ; the solution is then
poured off, the residue well washed with H2O, and the
liltrate boiled with excess of Na^^COg. The fluid is

filtered from the precipitate of ZnCOg ; the solution con-

tains NaCl, NaBr, NaT, and is treated fui-ther as in

sec. 62.

64. HFl.—The substance, reduced to fine powder, is

heated with concentrated H.,SO^ in a dry test-tube. The
vapoui-s of HFl make the sides of the glass tube dim. A
better method is to form a thick paste, by mixing the
powdered substance with concentrated H^SO^, and warm
it gently in a platinum crucible, covered by a watch glass,

which has been coated with wax on its convex side, and
some scratches made on it. On to the concave side some
water is poiired, in order better to condense the vapours.
After five or ten minutes, the watch-glass is removed,
the most of the wax melted ofi" by rubbing the glass,

slightly heated, with filter paper, and thoroughly cleaned
with alcohol. If HFl was present, the glass will have
been distinctly etched. See sec. 85, p. 64.

65. 2HF1, SiFl J.—All salts of this acid, with exception
of the K, Na, and Ba salts are soluble in water. When
heated with H^SO^, a mixture of HFl, and SiFl^ escapes,
which acts on the glass of the test tube. When heated
in a test tube the c/r?/ salts evolve SiFlj, which, when led
into water, deposits a gelatinous precipitate of SiOg {vide
sec. 85, p. 64). The fluosilicates, when heated" with
excess of an alkali, are decomposed into SiO^, and the
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alkaline fluoride. If fused witli ISTajCOg, NaFl, and sodic

silicate is formed. If heated with microcosmic salt, before

the blowpipe, they give no skeleton, for all Si volatilises

as SiFl^.

66. SOg, and HgSgOg. The salts of both of these acids,

when heated with H<,SO^ evolve SO^ which may be re-

cognised by its smell, and by its reaction on payjer moist-

ened with a solution of Hg2(N03).„ which is blackened by
liberation of metallic mercury. The reaction is, of course,

possible, only when HgS is absent.

SO2- The aqueous solution of an alkaline sulj)hite is

made weakly acid with HC^IIgOg, some ZnSO^, and sodic

nitro -prusside. The fluid assumes a red colour. If

4KCN, FeCNg be present, the colouration is more dis-

tinct; if a large quantity of SOg be present, a purple

coloured precij^itate is formed. To detect small quanti-

ties of SOg, or H^SgOg, metallic Al, or pure Zn is treated

with HCl, or HgSO^, and the substance added. HoS is

evolved, wliich may be recognised by its behaviour to

paper moistened with Pb(C2H302)o-

HjSgOg. The salts of this acid, with exception of

BaSgOg, and PbS^Og are soluble in water. The behaviour

of salts of HgS^Og, with regard to HCl, and Pb(C2H302)2
is chai'acteristic {vide XXXIII. 2, 3, p. 29).

HgS, H2S2O3, and SOg. If salts of these acids are mixed,

and it is required to detect the acids, HgS is expelled first,

and ZnSO^. In a part of the filtrate from the ZnS, the

hyposulphurous acid is detected, by the solution giving a

precipitate of S, when acidified' with HCl. Another
portion is tested for SOg with sodic nitro-prusside.

67. HCIO3. The presence of chlorates may be discovered

by their beha\dour on being heated; by the reaction with
concentrated HgSO^, and by the characteristic deport-

ment, when treated with indigo and SOg {vide XXX.
p. 28).

_
.

HCIO3 and HNO3. IICIO3 may be recognised in pre-

sence of HNO3 by the reaction with indigo and SO.,. To
confirm HNOc, the substance is treated with excess of
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ISTaOH, and the solution boiled with a mixture of one

part iron filings, and two parts Zn. NH3 formed by

the reduction of the HNO3 is evolved.

68. HCIO (present in "chloride of lime"). The salts have

the odouT of 01, and bleach indigo and litmus. If MnSO^
be added to a sohition of a hypochlorite, MnO, is thrown

down. If a dry hypochlorite be heated, CI is evolved.

If a hypochlorite, suspended in water be heated, after ad-

dition of a drop of Co(N03)o, 0 is evolved.

69. HNOo. Nitrites, heated with concentrated H2SO4,
give ofi' brownish -red vapours (N^^O.y). With dilute

HoSO^, only NO is evolved. The aqueous solution of

the substance is acidified with H2SO4, some starch paste

and KI added. Blue colouration; HNOg.—An aqueous

solution of FeSO^ turns brown, on addition of a nitrous

solution, even if no H.,SO^ be added. This is a reaction

which distinguishes nitrites from nitrates.

70. Bo.ß^, vide VIII. 5, 6, p. 13.

ORGANIC ACIDS.

The salts of all organic acids, except oxalic acid,

blacken, when heated.

71. It is most advantageous in detecting organic acids

(as indeed all acids), to have only alkaline salts in solu-

tion. Hence, if other metals are present, the substance

is boiled with excess of NaoCOg. The filtrate, which
contains all the acids, after being concentrated by evapo-
ration, is made weakly acid with HCl, to remove excess

of Na^COo. It is then gently warmed, to remove the
dissolved CO,; NH3 is added till an alkaline reaction is

apparent, and then CaClg. After a lapse of fifteen or
twenty minutes, the precipitate of CaC^O^ and CaCjH^O,^
filtered off" (sec. 72). The filtrate is treated as directed

in sec. 73.

72. The precipitate of CaC^O^, and CaC^H^O^ is

filtered oft', washed, and treated with NaOH at the usual
temperatm-e. CaC^H^O^ dissolves, and when the so] iition
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is filtered oflf and boiled, reprecipitates. CaCgO^ remains
undissolved.

73. The filtrate from the precipitate of calcic salts
is heated for some time, to boiling. Precipitate:

^^3(^6^5^7)2 (calcic citrate). The precipitate is fil-

tered ofi" while boiling (the filtrate is treated as in sec.

74) ; it must be soluble in HCl, and after saturation with
NHg, be again precipitated by boiling.

74. To the filtrate, three times its volume of alcohol is

added. The precipitate of calcic succinate (CaC^H^O^)
is filtered ofi", and washed with alcohol. The aqueous
solution gives a precipitate of ferric succinate, when
treated with FeClg.

75. Formic and acetic acids.—If no volatile acids be
present, the substance is distilled with dilute HgSO^; the
distillate is neutralised with NagCOg, and evaporated to
cbyness. Part of the residue is heated in a test-tube
with dry AS2O3; if an extremely unpleasant smell of
kakodyl be perceived, acetic acid is present. It may
also be tested for by means of alcohol and H^SO.
(XXXVIII. 4, ]). 32). The remainder of the residue
is dissolved in Hp, and boiled with AgNOg. Black
precipitate of Ag : HCHOg.

76. Oxalic acid.—The aqueous solution of an alkaline
oxalate, when acidified with HCgHgOg, gives, on addition
of CaClg, a white precipitate of CaCgO^ (vide X. 8, p.
14). All other oxalates must be decomposed by boil-
ing with NagCOg, or by H2S, or (NHJgS, and then tested
in the same manner.

j

77. Tartaric acid.—A concentrated neutral solution of
a tartrate is acidified with HC2H3O2, and KCgHgOg
added. If the original solution be acid, it need not be
further acidified. Precipitate : KH.C^H^O^..

78. Citric aaU—HgCgH^O^. If lime-water be added
to a solution of free citric acid, till the reaction is alka-
line, and then boiled, a precipitate of Ca3(C6ll507)2 is
thrown down, which dissolves on the solution cooling.

79. Succinic acid. — H2C^H404, CaC^H^O^, and
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BaC^H^O^ are soluble in H2O, but not in alcohol.—Tlie

brown i)recipitato whicli FeClg produces in the neutral

solution of a succinate, is filtered off, washed out, and
removed to a test tube; some NH., is added; Fe(0H)3 is

precipitated; in the filtered solution BaClg, and a con-

sidei'able amount of alcohol produce a precipitate of

BaC.H^O,.
80. Acetic acid.—Reaction of the salts with HgSO^ and

C,H,.0 {vide XXXVIII. 3, 4, p. 32).—In the neutral
solution of the alkaline acetates, FeClg gives a red colour-

ation, which disappears on boiling, with separation of a
brown precipitate.

—

AgC.JJ.p^ is slightly soluble in cold
water; it dissolves more easily in hot water.—If dry
NaCoH^O.^j be heated with AsgOg, a penetrating, ex-
tremely disagreeable smell of kakodyl may be perceived
(As[CH,],).

81. Formic acid.—H.CHOg. Formiates, when heated
with dilute H^SO^, evolve free formic acid which may be
recognised by its smell. When heated with alcohol and con-
centrated HoSO^, formic ether (CgH-CHOg) is evolved,
which has a smell of arrack.—If a dry formiate be heated,
CO is evolved.—AgN03 added to the aqueous solution
of a formiate, produces a white precipitate (AgCHO^),
which, when boiled, deposits metallic silver (2AgCH02
= 2Ag + CO, + HCHO2).—If NH3 be present, however,
no Ag is precipitated.—If formic acid or an alkaline
formiate be warmed with a solution of mercuric chloride,
mercurous chloride (calomel) is thrown down.—With
FeCIg, HCHO2 deports itself in the same manner as
HC,H302.

llGIIO.^ and HC^HoO^. In a mixture of formic and
acetic acids, the latter may be recognised by the kakodyl
reaction; the former by its behaviour with HgClg and
AgNO.5.—Pb(CH02)2 is soluble with difficulty in water,
and insoluble in alcohol; Pb(C2H302)o is easily soluble
in both of these solvents.
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ANALYSIS OF SILICATES.

The presence of Si02 may be recognised in tlie bead of

microcosmic salt, by the preliminary examination (vide

XXXI, 3, p. 29). Silicates are either only partly de-

composed by inorganic acids, or not attacked at all'.

82. Silicates which are decomposable by acids.—(Water
glass, zeolite, slags). The substance, reduced to fine

powder, is warmed Avith concentrated HCl, and stirred

frequently ; it is then diluted with H2O, and eva-

porated to dryness. The dry residue is moistened with

concentrated HCl, and warmed; water is then added,

the fluid is boiled, and the SiOg filtered ofi". All the

bases, formerly existing as silicates, are to be found in

the solution as chlorides, and may be separated in the

ordinary way. Pure SiO^ must dissolve in Na^COg, by
persistent boiling [vide sec. 86).

83. Silicates tvhich are not attached by acids.—a. Sepa-

ration of the SiO^- The finely powdered silicate is heated

before the blowpipe, with four times its weight of dry

Na.,C03, till quite liquid. The melted mass is treated

with HCl, evaporated to dryness without being filtered,

and the residue, after being moistened with concentrated

HCl, (to change any insoluble oxichlorides which may
have been formed during the evaporation, into soluble

chlorides), and proceeded Avith as in sec. 82.

84. b. Determination of the alkalies.—An intimate

mixture of one part of the silicate and five parts

of CaFl^, is stirred with H2SO4, till it becomes a thick

paste. The mixture is at first gently warmed, and then

heated more strongly till the excess of H2SO4 has evapo-

rated. The dry mass is boiled several times with fresh

portions of water, and filtered; the HgSO^ which is in

solution, is removed by adding a solution of BaClg, and
without filtering the fluid, lime-water is added, till an

alkaline reaction is perceivable. The liquid is boiled;
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the excess of CaO, and BaO precipitated with ISTHg and

(NH4)2C0.5, and treated further as in sec. 8, p. 40.

85. HFl. Silicates, which contain fluorides, evolve

SiFl^, when treated with concentrated sul])huric acid. If

a glass rod, on the end of which a drop of Avater is hang-

ing, be held close over the mixture, the water becomes

covered with a film of SiO.^.—The silicate is fused with

Na.,CO.p as in sec. 83; but water is nsed to dissolve the

fused mass. The aqueous solution, containing all the

acids which may be present in the silicate (Bo^Og, HFl,
SiOj, TiO.„ etc.), is treated with HCl, till a distinctly-

acid reaction is apparent. An excess must be avoided,

as CaFlg is somewhat soluble in ammonia salts, especially

in NH^Fl. The liquid is now warmed to expel the COg
which is dissolved, and NH^ is added till the reaction is

alkaline. The precipitate of SiO^, AlgOg, etc., is filtered

oft', and CaCl.2 added to precijiitate CaFlg, which is con-

firmed as in sec. G4.—CaFl^ is not decomposed by fusion

with NagCOg, unless SiO, be present.

86. Titanic acid.—TiO^ (BaSO^, SrSO^, AlgOg, etc.).

TiO.2, which frequently accompanies silica, is found partly

in the i-esidue of SiOg, and is partly precipitated with
Fe^Og, and Al^Og.
•• a. TiOo and SiOg.—The SiOg, containing TiOg, is

boiled for some time with concentrated HgSO^, till some
has evaporated. The mass is allowed to cool thoronghly,
and poured, drop by drop, into an excess of HgO, to

avoid heating the fluid. It is then filtered, the most of
the acid neutralised with NaOH, and the solution, which
is still acid, boiled for some time. Precipitate : TiO.^.

Or they may be separated by the following method :

The mixture of SiOg and TiOg is evaporated several
times with HFl and HCl in a platinum crucible. If a
residue remains, it consists of TiO.,, and such insoluble
substances as BaSO^, AlgOg, SnO^, CrgOg, etc., which are
not decomposable by fusion with^NagCOg. The residue
is fused with KHSO^ in a platinum crucible, and the
melted mass treated with cold water; BaSO. and SrSO.



66 CHEMICAL ANALYSIS.

remain imdissolvecl; tlie filtered solution is boiled for

some time. TiOg is precipitated, while AI0O3, and
usually a trace of TiOg, remains in solution.

h. TiOo, AI2O3, FegOg.—The precipitate of FcgOg, con-

taining TiO^, is dissolved in dilute HgSO^, and nearly

neutralised with NaOH; a few drops of HNO3 are then

added to the solution; it is diluted with water, and
boiled for some time. Precipitate ; TiOg.

TiOg, heated in the oxidising flame of the blowpipe,

with microcosmic salt, gives a yellow bead, which becomes
colourless on cooling; in the reducing flame, a bead
yellow when hot, which turns violet on cooling. The
reaction is made more distinct if some tinfoil be added
to the bead. If Fe be pi-esent, the bead is red. It is

usually difiicult to detect TiOg, by fusing the silicate

alone Avith microcosmic salt.—An acid solution of TiO.,

turns blue in presence of Zn; if ammonia be added, a

blue precipitate of TigOg is thrown down.—If the pre-

cipitate of TiOg be treated with Zn and HCl, it assumes
a blue colour.

ANALYSIS OF CYANIDES.

87. Of all the simple cyanides, only HgCNg and the
alkaline cyanides are soluble in HgO. All cyanides,

when warmed with concentrated HCl, give ofi" free

HCN ; it may be recognised by its smell. Hence the

presence of cyanides may always be ascertained in dis-

solving the substance. Some of the double cj^anides,

e.g., potassic ferrocyanide, or ferricyanide, evolve only a
part of their cyanogen as HCN. All cyanides, except
those of the alkalies are decomposed on ignition.

88. Cyanogen is detected in the alkaline cyanides, as in

XXXVII. 3, p. 32. In a mixture of ferrous and ferric

salts, free HCN gives no blue precipitate, Potassic

ferricyanide must first be formed by addition of excess

of alkali. Cyanogen may be detected in Hg(CN).„ after

the mercury is precipitated with HgS. AgNOg gives no
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precipitate of AgCJST, when added to an aqueous solution
of Hg(CN)o.—AgCN may be decomposed by ignition,
and hence it diflers from AgCl, AgBr, and Agl. Cyanogen
may be detected in other cyanides by distilling ^vith
HCl, cädding excess of NaOH to the distillate, and pro-
ceed as m XXXVI. 3. Instead of the latter method,
the dry cyanides may be fused with Na^COg in a porce-
lain crucible, the melted mass dissolved in water, and
the solution treated as directed above.

89. Double cyanides of iron may be easily decomposed
by boilmg with NaOH. The precipitate consists of the
bases, _Fo,03, etc., which may be separated from each
other m the usual manner; the solution contains 4KCN'

^''^K.l^S^k and the bases which are soluble
in NaOH (PbO, ZnO, A1,0,), In testing for cyanogen
in this solution, these oxides must be removed with
H^S. The solution is then acidified with HCl and

fSSJlr''''^^^?.J° """^^ P"""^^^'' solution, to test for4KCN, FeCN.; while 3KCN, FcCN., is tested for in

S'i^'SS'
^^'i*^ ^^eSO^. Tiu-nbuil's blue, 3FeCN„

2FeCN, (sea 24) is decomposed, when boiled withNaOH mto Fe(OH), and potassic ferricyanide.
90 If it is required to esüiblish the presence of these

metals alone, A\-hich arc in combination with cyano^ren
the substance must be heated with a mixture of three
parts of concentrated H^SO,, and one part of water, tiU
the excess of H,SO, has volatilised. The residue is dis-
solved m HC], and treated as usual. The alkalies which
are present m a few insoluble cyanides, and which resist
the solvent action of H.O and of düutc acids, may also
be detected m this manner.
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